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‘Bruxism’ originates from the Greek ‘brychein’, which means ‘to gnash the teeth’. The French 
scientists Marie and Pietkiewicz were the first to associate the phenomenon of tooth grinding 
with the Greek word. In 1907, they introduced the term ‘bruxomania’ for the tooth grinding 
they found in patients with neurological and psychiatric disorders. Since then, clenching and 
grinding have been associated with the common term ‘bruxism’.
On a balustrade in Valkhofpark, Nijmegen, appear the words: 
“HIC STETIT HIC FRENDENS AQUILAS HIC LUMINE TORVO CLAUDIUS ULTRICES VIDIT 
ADESSE MANUS.”
“Hier stond hij, hier zag hij knarsetandend de adelaars, hier zag Claudius met grimmige blik 
de wrekende legers naderen.” – Constantijn Huygens (1596–1687)
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GENERAL INTRODUCTION
Bruxism, generally described as clenching or grinding of the teeth, is a common phenomenon 
seen both in clinical practice (often in dentistry and physical therapy) and amongst community-
dwelling individuals. The most recent consensus definition1 describes bruxism as a behaviour 
that can be a risk (and/or protective) factor for certain clinical consequences such as severe 
masticatory muscle pain, temporomandibular joint pain, and extreme mechanical tooth wear. 
Bruxism is considered to be a complex phenomenon, with its etiology still not well understood. 
It has been stated that bruxism requires a multidisciplinary approach, an approach that 
has been recently subscribed to by the ‘multiple-P’ approach2 (i.e. Pep-talk, Physiotherapy, 
Psychology, Plates, Pills) for the management of bruxism and its clinical consequences. 
This recommended approach emphasizes the role of the orofacial physical therapist (OPT) in 
bruxism management. Moreover, in understanding bruxism as a masticatory muscle activity1, 
it can be seen as a phenomenon with musculoskeletal involvement, the primary field of the 
OPT. This thesis presents original research on the clinical phenomenon of bruxism from a 
physiotherapeutic perspective. 
Before introducing the objectives of this thesis, several principles in terms of the key concepts 
of bruxism and physical therapy are described for better understanding of the studies 
incorporated within the thesis.
Bruxism
Bruxism is defined as “masticatory muscle activity that occurs during sleep (characterised 
as rhythmic (phasic) or non-rhythmic (tonic)) and wakefulness (characterised by repetitive or 
sustained tooth contact and/or bracing or thrusting of the mandible)”.1 In otherwise healthy 
individuals, bruxism should not be considered as a movement or sleep disorder, but rather 
as a behaviour that can be a risk (and/or protective) factor for certain clinical consequences. 
Assessment methods of awake bruxism (AB) and sleep bruxism (SB) can be catgeorised as 
non-instrumental (self-report and clinical inspection) or instrumental (electromyographic 
(EMG) recordings).1 Recently a grading system has been proposed that classifies bruxism as 
‘possible’, ‘probable’, and ‘definite’ bruxism.1 ‘Possible’ AB or SB is based on a positive self-
report only. Self-reported data can be collected with patient history, questionnaires, and/or 
ecological momentary assessment (EMA)3 and continues to be the primary tool in bruxism 
research and clinical practice, despite the poor concordance with instrumental approaches4 
and the significant chance of under- or overestimation. ‘Probable’ AB or SB is based on a 
positive clinical inspection, with or without a positive self-report. Indicators of bruxism include 
the presence of masticatory muscle hypertrophy, indentations on the tongue or lip and/or a 
linea alba on the inner cheek, as well as mechanical tooth wear. However, these signs can 
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also be consequences of other oromotor activities.5,6 ‘Definite’ AB or SB is based on a positive 
instrumental assessment, with or without a positive self-report and/or a positive clinical 
inspection. EMG, and for SB also polysomnography (PSG), with or without additional audio and/
or video recordings, provides key evidence for bruxism. Although established scoring criteria 
for bruxism bursts and episodes are available7, issues still exist concerning the EMG outcome 
measures above which a masticatory muscle activity is considered a true bruxism event8-10 and 
what influence pain has on masticatory muscle activity.11-14
A systematic review showed that the prevalence of bruxism in adults varies from 8% to 31.4%, 
that of AB ranges from 22.1% to 31%, and that of SB is 12.8% ± 3.1%.15 In another study a 
distinction was made regarding the prevalence of SB based on self-report (12.5%), based on 
PSG recordings (7.4%), and based on combined self-report and PSG (5.5%).16 The prevalence of 
bruxism is similar for men and women15, but more common in children.17 
The etiology of bruxism is still unclear but is considered to be multifactorial. It is also not clear 
whether bruxism is a more frequent or more intense manifestation of a physiological activity 
or a specific pathological entity.18,19 Bruxism has been increasingly associated with central 
instead of peripheral mechanisms.20 Indications for a central regulation of bruxism are found 
in studies investigating associations amongst bruxism and medical conditions such as basal 
ganglia disorders21,22, dopamine neurotransmitter function23,24, centrally acting medication25-32 
and substance use33-36, the link between rhythmic masticatory muscle activity (RMMA), typical 
EMG patterns related to SB, sleep micro arousals37, and co-existing sleep disorders38-40. 
Coherent muscle activity between different systems, i.e. jaw and neck muscles, may support 
the evidence that bruxism is a centrally regulated mechanism. 
Studies of the relationship between bruxism and myofascial pain or temporomandibular 
disorders (TMD) are inconclusive.41,42 Nowadays, bruxism is seen as a risk factor that, in 
combination with other factors, may or may not lead to certain consequences.1 It has been 
argued that (sleep) bruxism can also have protective functions, such as sustaining unobstructed 
airflow33,43, stimulating salivary lubrication44,45, maintaining bone mineral density46, and 
improving memory and reducing stress47. The rationale for these functions is threefold: (I) 
preventing collapse or restoring patency of the upper airway whilst asleep; (II) increasing 
production of saliva and bone formation as a result of mechanical stimuli; and (III) increasing 
cerebral blood flow owing to chewing activities. However, evidence to support these functions 
is limited and weak and partly obtained from the study of mastication rather than investigations 
into bruxism.
Bruxism management strategies are mainly focused on reducing the negative consequences 
of bruxism. Strategies that are currently studied and used in clinical practice are, among 
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others, oral appliances48,49, botulinum toxin injections50, the use of serotonergic and 
dopaminergic drugs26, sleep hygiene advice51, habit reversal techniques52 and biofeedback.53,54 
The introduction of the ‘triple-P’ approach55 (consisting of Pep-talk, Plates, Pills), and more 
recently the ‘multiple-P’ approach2 (consisting of Pep-talk, Physiotherapy, Psychology, Plates, 
Pills), emphasizes the importance of a multimodal approach, even if the strategies used are not 
effective as stand-alone therapies. Moreover, the ‘multiple-P’ approach offers opportunities 
for physical therapeutic strategies as discussed in the opening paragraph of this chapter. 
Physical therapy
The physical therapist (PT) is a professional with knowledge and skills in the field of the 
musculoskeletal system. The musculoskeletal system is involved with posture and movement 
and includes, among other things, the joints, the skeletal muscles, associated structures, and 
motor control. The PT evaluates a patient with pain in and/or dysfunction of the musculoskeletal 
system within the wide perspective offered by the ‘International Classification of Functioning, 
Disability and Health (ICF)’ of the World Health Organization (WHO).56 This approach evaluates 
not only the impairments of body structure and function but also the limitations in daily 
activities, restrictions in social participation, and the influencing environmental and personal 
factors of the patient and his symptoms. The impact of the problem on and its interference in 
the patient’s daily life form the basis for the management of these conditions.
The PT who specializes in the orofacial region, the OPT, focuses on pain and dysfunction of the 
upper body quarter, including the masticatory system, and on diagnosing and treating disorders 
such as TMD, orofacial pain and headaches. This means that the OPT is often confronted with 
clinical consequences of bruxism such as muscle pain or fatigue. The clinical reasoning and 
decision-making of the OPT may differ from those of a dentist when it comes to diagnosis 
and treatment of bruxism. It may be useful to map these possible differences, which could be 
achieved by using a Delphi procedure. Extensive research underlines the strong anatomical, 
physiological, and biomechanical associations between the cervical spine and the masticatory 
system, also called the craniocervical mandibular system.57-61 In contrast to the co-contraction 
of jaw and neck muscles during voluntary biting tasks62-64, the coherence between jaw and neck 
muscles during SB has not yet been studied. 
In dealing with the musculoskeletal system, the PT acts in line with the recent definition of 
‘health’ as provided by Huber et al.65 as ‘the ability to adapt and to self manage, in the face f social, 
physical and emotional challenges’. For this reason, the PT does not focus primarily on illness 
and cure. She stimulates movement behaviour that positively influences health and supports 
the patient in performing his/her daily activities. The purpose of this approach is to increase or 
maintain the patient’s participation, or to minimize the deterioration in participation. The PT 
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can use, among other treatments, counselling, manual techniques, and exercise therapy, but 
also relaxation techniques, improving coping style and cognitive behavioural therapy. 
Exercise therapy is often recommended for the management of musculoskeletal disorders, 
with muscle stretching frequently included in the exercise program.66-73 Muscle stretching 
exercises are performed with both preventive and therapeutic purposes and aim to obtain 
muscle relaxation, to improve the ability to move, and/or to decrease pain. However, most 
studies of muscle stretching exercises have mainly focused on the effects of these exercises 
on performance (for example, range of motion, coordination and muscle strength) of the limb 
or trunk muscles of healthy individuals or individuals with sports-related injuries.74-76 Very 
few studies have investigated stretching the human masticatory muscles77,78 and none have 
investigated muscle stretching exercises in the management of (sleep) bruxism. 
In conclusion, questions still exist about the complex phenomenon of bruxism, particularly 
about the (patho)physiological mechanisms and management of bruxism. Moreover, there 
could be a significant gap between recommendations in scientific literature and the tools and 
strategies used in daily practice. Research is needed to identify the central mechanisms of 
bruxism and to further explore psychological risk factors. The effect of physical therapeutic 
strategies in the management of bruxism should also be evaluated.
Objectives of this thesis
Taking into account the gaps in knowledge that still exist about the complex phenomenon of 
bruxism, this thesis focuses on the following four objectives:
 •    To explore the diagnostic tools and management strategies for bruxism (AB and 
SB) used in daily clinical physical therapeutic practice versus dental practice;
 •    To explore and evaluate the possible effect of masticatory muscle stretching in the 
management of SB;
 •    To evaluate the coherence between jaw and neck muscle activities during SB; and
 •    To evaluate the association between bruxism (AB and SB) and anger and frustration.
1GENERAL INTRODUCTION
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OUTLINE OF THE THESIS
In order to realize the main objectives, a total of five study projects was carried out. Each study 
is described in a chapter of the thesis as outlined below.
As detailed in Chapter 2, a Delphi procedure was carried out to clarify the tools considered 
most useful and the tools actually used by dental and physiotherapeutic professionals in the 
diagnostic and therapeutic phases of bruxism management. Dentists and PTs, both specialized 
in orofacial pain and dysfunction, and often confronted with bruxism patients, completed two 
consecutive rounds of questionnaires based on a review of the literature.
Chapter 3 and Chapter 4 describe the exploration of masticatory muscle stretching exercises 
as a new possible strategy in the management of SB. First, the available knowledge about 
muscle stretching exercises, mostly of limb and trunk muscles, was described. Second, 
because of the fundamental differences between limb and trunk muscles and the masticatory 
muscles, the knowledge was adapted to consider the possible effects of muscle stretching 
exercises on masticatory muscles, and especially on bruxism. The promising results of this 
critical evaluation led to a randomised controlled trial (RCT), which was used to compare 
standard care for SB with standard care plus muscle stretching exercises. SB was measured 
using ambulant PSG recordings, which included electroencephalography (EEG, indicating 
brain activity), electrooculography (EOG, recording of eye movements) and EMG. SB activity was 
assessed on the basis of EMG activity of the masticatory muscles (masseter and temporalis), 
whilst EEG and EOG were used to determine the sleep stages. Alongside the primary outcome 
of ‘definite’ SB (in bursts and episodes per hour of sleep), the mandibular range of motion, pain 
threshold and pain tolerance, bite force and mandibular function, which are common outcome 
measures in physical therapy, were evaluated.
In the study reported on in Chapter 5, a step was taken on the basis of the available knowledge 
about co-activation of the head and neck muscles during voluntary movements to evaluate the 
assumed coherence of these muscles during SB. The evaluation of coherence is an analysing 
method used not only to establish the co-contraction between muscles but also to identify 
whether there is a common generator for the different muscles. This may further support 
the hypothesis of bruxism as a centrally regulated mechanism. To this purpose, an ambulant 
polysomnographic study was designed to evaluate the muscle activity of both masticatory and 
neck muscles during SB events.
The study presented in Chapter 6 investigated the association between self-reported bruxism, 
i.e. ‘possible’ bruxism, and psychological features, with the main focus on anger and frustration. 
A longitudinal cohort study was conducted in which a personal logbook, with Likert scales and 
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validated questionnaires, was completed daily for a period of 4 weeks. Other variables that had 
a described association with bruxism, such as stress, anxiety, and the use of alcohol, nicotine, 
caffeine, and amphetamine, were included so that they could be corrected for in the statistical 
analysis.
In Chapter 7, the major findings of this thesis are discussed in light of the current literature 
and recommendations for clinical practice and future research are made. The thesis ends with 
a summary in English and Dutch, respectively in Chapter 8.
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Diagnostic tools and management strategies 
used by specialized dentists and physical therapists 
for patients with bruxism: a Delphi procedure 
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ABSTRACT
The most valid tool in bruxism diagnostics is considered electromyography/polysomnography 
with audio/video recording. Given that this is too expensive and time-consuming for daily 
practice, many other tools are used to diagnose bruxism. Owing to the lack of knowledge about 
the etiology and (patho)physiology of bruxism, no definitive intervention exists and current 
management strategies mainly focus on reducing negative consequences of bruxism. This 
study aimed to identify diagnostic tools and management strategies that dentists and physical 
therapists who specialize in the orofacial region consider to be the most clinically useful for 
patients with bruxism and which are actually used. 
The results of a literature study were used as a starting point for a Delphi procedure. The first 
round (36 participants) focused on collecting preferences in diagnostics and management of 
bruxism. In the second round (29 participants), the number of diagnostic tools and management 
strategies that were rated as clinically useful were narrowed down to those that were actually 
used by the participants in daily practice. 
For the diagnostics of both awake and sleep bruxism, mostly aspects of the anamnesis and 
the clinical examination were considered clinically useful and actually used in daily practice. 
Moreover, for sleep bruxism, more tools were combined to set the diagnosis than for 
awake bruxism. Both groups of participants valued habit reversal and lifestyle advice in the 
management of awake bruxism, and habit reversal, sleep hygiene advice and lifestyle advice 
for sleep bruxism. In addition, both groups suggested profession-specific strategies.
The diagnostic tools and management strategies used in daily practice among specialized 
dentists and physical therapists in the Netherlands form a colourful palette and, as expected, 
are determined by profession.
DAILY PRACTICE OF BRUXISM DIAGNOSTICS AND MANAGEMENT
29
2
INTRODUCTION
Bruxism, a repetitive jaw-muscle activity characterized by clenching or grinding of the teeth1, 
is a common clinical phenomenon, with a prevalence of about 8% of the adult population2, 
which can cause several dental and musculoskeletal problems.3 Because of these clinical 
consequences, both the dentist and the physical therapist are confronted with bruxism patients 
in their daily practice. 
Recently, a diagnostic grading system of ‘possible’, ‘probable’ and ‘definite’ awake (AB) or sleep 
bruxism (SB) has been proposed for clinical and research purposes.1 ‘Possible’ bruxism should 
be based on self-report, by means of questionnaires and/or anamnesis. ‘Probable’bruxism 
should be based on self-report and clinical signs. ‘Definite’ SB should be based on self-report, 
clinical signs and a polysomnographic recording (PSG), preferably along with audio/video 
recordings. Since PSG, considered to be the most valid tool for SB diagnosis1-4, is suited to 
small samples only, due to high cost, limited availability and the need for specific training, 
several other techniques are used in daily practice, each with their advantages and limitations. 
In addition, bruxism patients report different signs and symptoms in different disciplines (for 
example, tooth wear at the dentist, painful muscles at the physical therapist).
A lack of knowledge about the etiology and (patho)physiology of bruxism means that 
management strategies are mainly focused on reducing symptoms. Lobbezoo et al.5 have 
proposed the so-called ‘triple-P’ approach, which is based on a combination of oral appliances 
(i.e. Plates), counselling/behavioural strategies (i.e. Pep talk) and centrally acting drugs (i.e. 
Pills). This combination has become the usual care for (sleep) bruxism in daily practice. 
With this approach, researchers and clinicians emphasize the importance of a multimodal 
approach, even if the strategies used are not effective as stand-alone therapies. In an updated 
review, an expanded ‘multiple-P’ approach was described, which consisted of Plates, Pep talk, 
Pills, Psychology and Physiotherapy.6 
In summary, the most valid tool in bruxism diagnostics is too expensive and time-consuming 
for daily practice, while other diagnostic tools are less reliable and/or accurate. In addition, 
there is not enough evidence to define a standard approach for (sleep) bruxism management 
that is effective and safe for all patients. The most recent recommendation is to follow the 
‘multiple-P’ and, therefore, a wide variety of treatment modalities is used in daily practice. 
The aim of the study reported on in this paper was to identify the diagnostic tools and management 
strategies that dentists and physical therapists who are specialized in orofacial pain and 
dysfunction in the Netherlands actually use in daily practice for patients with bruxism. We 
hypothesised that in daily practice a wide variety of diagnostic tools and management strategies 
are used, depending on the professional background of the caregiver. 
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METHODS
Study design
This study used a Delphi procedure of two rounds. A Delphi procedure is a series of sequential 
rounds, interspersed by feedback, that seeks to achieve consensus of opinion among a panel 
of experts.7 Although this present study did not aim for consensus, a Delphi procedure is the 
most adequate method for achieving the primary aim of this study. The questionnaire used in 
the first round was based on a systematic evaluation of the literature; the questionnaire used 
in the second round was based on the analysis of the first round. After the second round, the 
authors reached a good understanding of what dentists and physical therapists use in daily 
practice, so no further rounds were prepared. 
The study was conducted according to the Delphi procedure following the recommendations of 
Hasson et al.7 The data was collected between November 2016 and July 2017.
The selection of professionals for the study was based on personal contacts and a search for 
registered dentists and physical therapists, taking into account their geographical distribution 
throughout the Netherlands. A total of 27 physical therapy experts (defined as orofacial 
physical therapists) and 27 dentists (defined as dentists specialized in orofacial pain and 
dysfunction) were identified and invited via email (using the online survey development cloud-
based software SurveyMonkey) to participate in the study. The letter of invitation included the 
researcher’s details and information on the purpose of the study. It further explained how 
the acquired data would be used to design subsequent survey rounds. In total, 18 physical 
therapists and 18 dentists, all of Dutch nationality, with backgrounds ranging from primary 
care to multidisciplinary academic hospital settings, participated in the study (Table 1). 
Participants remained anonymous to their co-participants during all rounds, to meet the aim 
of encouraging free expression of opinions without influence from other participants. 
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Table 1 Characteristics of the participating experts
CHARACTERISTIC PHYSICAL 
THERAPISTS 
(n=18)
DENTISTS  
(n=18)
TOTAL  
(n=36)
EXPERTS 
Gender (male : female) 5 : 13 13 : 5 18 : 18
Age in years (mean ± SD) 49.94 ± 9.321 51.22 ± 7.960 50.58 ± 8.567
Highest level of education
HVE 61.5% -
MSc 11.0% 88.9%
PhD 27.5% 11.1%
Working years
As a general clinician (mean ± SD) 23.71 ± 11.629 25.89 ± 8.116
As a specialized clinician (mean ± SD) 19.50 ± 12.232 9.06 ± 5.185
Work setting*
Primary setting 100% 50%
Secondary setting - 22.2%
General hospital - 27.8%
Academic hospital - 16.7%
Special Dental Care Center 22.2% 55.6%
Post doc - 5.6%
Total number of bruxism patients in 
treatment (mean ± SD)
24.89 ± 23.162 17.28 ± 11.891 20.83 ± 18.758
HVE = Higher Vocational Education; *Participants could work in more than one setting
Procedure and data analysis
The survey procedures were predesigned and included the following steps:
1.)   A list of diagnostic tools and management strategies was generated following a 
systematic evaluation of the literature. PubMed was searched for articles published 
prior to June 2016.
2.)   In the first Delphi round, participants were asked to rate the clinical usefulness of the 
30 diagnostic tools (question of awareness, clenching/grinding sounds by patient and 
partner, pain/discomfort/ fatigue, temporal headaches, tight feeling around skull, joint 
lock, painful/sensitive teeth, increase of self-reported bruxism or pain/dysfunction 
by psychological distress or the use of alcohol, cigarettes, party drugs, caffeine or 
medication, tooth wear assessed visually or with impressions of the dentition, linea 
alba on oral mucosa or tongue, hypertrophy of the masseter muscle, mobility of 
dental elements, exposed root surfaces, wear of splint, Bruxcore plate, ambulatory 
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electromyography (EMG) or polysomnography (PSG) device or sleep laboratory). They 
also rated 19 management modalities (occlusal interventions, occlusal appliances, 
biofeedback, cognitive behavioural therapy (CBT), hypnosis, relaxation therapy, 
meditation, habit reversal, lifestyle advice, pharmacological approaches, and physical 
therapy approaches) on a 5-point Likert scale (“extremely useful”, “useful”, “don’t 
know”, “probably not useful”, “definitely not useful”) for both AB and SB. In addition, 
the participants were invited to provide additional tools and modalities they considered 
as clinically relevant. Furthermore, demographic factors and open-ended questions 
about competence, treatment indication and, for the physical therapists, the use of 
muscle-stretching exercises in the management of bruxism were evaluated. The 
questionnaire was sent as an interactive secured web link using SurveyMonkey after 
it had been tested amongst workgroup members for comprehensibility and feasibility. 
If questionnaires were not returned, reminder emails were sent to enquire whether 
the expert was still willing to continue the study. 
3.)   For the second round, the group responses were analysed. The main focus of this 
round was to elucidate what is actually used in daily practice, instead of what would 
be eligible, and how the different management modalities are practised. All items 
with an average overall score of “extremely useful” and “useful” (respectively scored 
as 1 and 2, making the cut-off weighted value 2,0) were fed back to the participants, 
with the request to indicate whether the clinician actually used the tool/modality 
and how he or she used it. All items with an average overall score of “don’t know” 
(scored as 3) were also fed back, with the request to determine the order in terms 
of degree of importance and again how the professional used the modality. All items 
with an average overall score of “probably not useful” (scored as 4) and “definitely not 
useful” (scored as 5) were excluded from round 2. The newly suggested management 
modalities were included, with the request to determine their clinical usefulness. 
4.)   The results from both rounds were analysed (using a cut-off weighted value of 1,2) 
and compared between 1) dentists and physical therapists, 2) AB and SB, and 3) 
clinically useful and actually used.
RESULTS
The results regarding diagnostic tools (Table 2) and management strategies (Table 3) for both 
awake and sleep bruxism are presented for physical therapists and dentists. Round 1 focused 
on the tools and strategies that professionals found clinically useful, while round 2 focused on 
the tools and strategies that are actually used in daily practice. 
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General aspects
Both dentists and physical therapists identified the specialized dentist and physical therapist 
as the most competent in diagnosing and managing bruxism, although dentists tended to 
prefer the dental specialist in diagnosing bruxism.
All participants reported bruxism as pathology if it led to pain, dysfunction and/or dental 
wear, otherwise they defined it as physiology. The dentists focused particularly on dental 
consequences such as tooth wear and tooth fracture.
Different treatment indications for (the consequences of) bruxism were described as being: 
if the consequences of bruxism complicate a physiotherapeutic or dental treatment; if the 
consequences of bruxism appear to have a strong association with other (pain) complaints; if 
there is a progressive course of the consequences of bruxism; and if the patient requests help.
Diagnostic tools (Table 2)
In general, the number of different tools that are actually used by professionals is slightly 
higher than the number of tools that are considered to be clinically useful. Moreover, for SB 
more tools are combined to set the diagnosis than for AB.
Awake bruxism
According to the calculated weighted value for each suggested diagnostic tool, it was clear 
that clenching/grinding sounds reported by partner, an increase of self-reported bruxism 
or pain/dysfunction by psychological distress, a linea alba on oral mucosa and impressions 
on the tongue were considered clinically useful by both dentists and physical therapists. In 
addition, physical therapists considered self-awareness of the patient, pain/discomfort/fatigue, 
temporal headaches, visually assessed tooth wear and hypertrophy of the masseter muscle to 
be clinically useful. It is notable that some aspects that were not scored as clinically useful, are 
actually used in daily practice, especially by dentist. 
Sleep bruxism
Both dentists and physical therapists considered clenching/grinding sounds reported by 
partner, pain/discomfort/fatigue upon awakening, temporal headaches, a linea alba on oral 
mucosa and impressions on the tongue to be clinically useful in diagnosing SB. Additionally, 
physical therapists valued the presence of a tight feeling around the skull, sensitive teeth, an 
increase by psychological distress and hypertrophy of the masseter muscle, whereas dentists 
preferred a night at a sleep laboratory with or without audio/video. There is a major overlap 
between what is considered clinically useful and what is actually used, with the exception of 
tooth wear and wear of splint.
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Table 2. Results of Delphi regarding clinically useful (round 1) and actually used (round 2) diagnostic 
tools for both awake and sleep bruxism
TOOL
ROUND 1  
(CLINICALLY USEFUL)
ROUND 2 
(ACTUALLY USED)
PT D PT D
AB SB AB SB AB SB AB SB
Question of awareness
Self-report by sounds
Reported by partner
Pain, discomfort, fatigue
Temporal headaches
Tight feeling X X
Joint lock X X
Sensitive teeth
Increase by alcohol X X X X
Increase by smoking X X X X
Increase by party drugs
Increase by caffeine X X X X
Increase by distress
Increase by medication
Visually assessed tooth wear
Tooth wear assessed by impressions
Linea alba oral mucosa
Linea alba tongue
Hypertrophy of m. masseter 
Mobility of dental elements X X X X
Exposed root surfaces X X X X
Wear of splint
Bruxcore plate X X X X
Ambulant EMG X X X X
Ambulant PSG (EEG/EMG) X X X X
Ambulant PSG (EEG/EMG/EOG) X X X X
Ambulant PSG (EEG/EMG/EOG/audio) X X X X
Ambulant PSG (EEG/EMG/EOG/audio/video) X X X X
Sleep laboratory PSG (EEG/EMG/EOG) X X X X
Sleep laboratory PSG (EEG/EMG/EOG/audio/video) X X X X
PT = physical therapists (dark pink); D = dentists (light pink); EMG = electromyography; PSG = 
polysomnography; EEG = electroencephalography; EOG = electrooculography; coloured box = mean score 
below the cut-off weighted value and therefore scored as valuable; X = excluded after round 1 and therefore 
scored as not valuable   
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For both AB and SB, with the exception of the sleep laboratory evaluation suggested by dentists, 
only aspects of the anamnesis and the clinical examination were both considered clinically 
useful and actually used. 
The top 5 diagnostic tools for both AB and SB were quite similar for physical therapists and 
dentists (awareness of the patient, self-report by sounds, reported by partner, pain/discomfort/
fatigue, temporal headaches), although physical therapists chose to use aspects of the clinical 
examination (linea alba oral mucosa) in addition to the anamnesis.
Management strategies (Table 3)
Awake bruxism
The five highest-rated management strategies for AB in both the dental and physiotherapeutic 
professional groups were identical. Biofeedback, CBT, relaxation therapy, habit reversal and 
lifestyle advice were considered to be the most useful in clinical practice. 
On top of these strategies, muscle-stretching techniques were actually used as strategies 
for managing bruxism in both groups. Physical therapists also used massage techniques 
and other physical therapy modalities, while dentists also used occlusal splint therapy and 
antidepressants. 
The top 5 management strategies for AB were quite similar for both professions. Both dentists 
and physical therapists reported occlusal splint therapy, CBT, relaxation therapy and habit 
reversal in the top 5. Dentists completed the their top 5 with physical therapy modalities 
other than massage- and muscle-stretching techniques, whereas physical therapists valued 
biofeedback.
Sleep bruxism
Occlusal splint therapy, sleep hygiene advice and lifestyle advice were reported as clinically 
useful. Physical therapists also valued relaxation therapy. 
Both dentists and physical therapists actually used habit reversal, sleep hygiene advice, 
lifestyle advice, and muscle-stretching techniques. Physical therapists and dentists used the 
same additional strategies as for AB.
The top 5 management strategies for SB differed considerably between professions. Both 
valued occlusal splint therapy and habit reversal. Physical therapists also valued using a 
Nociceptive Trigeminal Inhibition (NTI) splint, antidepressants and massage techniques, while 
dentists preferred CBT, relaxation therapy and botulin toxin.
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Additional management strategies
The following additional management strategies were suggested in round 1: evaluate/treat 
cervical spine disorders; Bruxstop; dry needling; dental restoration of tooth wear; speech 
therapy; multidisciplinary consultation with specialized physical therapist, psychologist and 
dental specialist; and pain education. By calculating the weighted value for each suggested 
additional management strategy in round 1, the following were evaluated as actually used: 
evaluate/treat cervical spine disorders, pain education, dry needling and speech therapy.
Table 3. Results of Delphi regarding clinically useful (round 1) and actually used (round 2) management 
strategies for both awake and sleep bruxism
TOOL ROUND 1  
(CLINICALLY USEFUL)
ROUND 2 
(ACTUALLY USED)
PT D PT D
AB SB AB SB AB SB AB SB
Occlusal interventions X X X X
Occlusal splint
Occlusal NTI splint X X X X
Biofeedback
Cognitive behavioural therapy
Hypnosis X X X X
Relaxation therapy
Meditation X X X X
Habit reversal
Sleep hygiene advice X X X X
Lifestyle advice
Muscle relaxants X X X X
Botulin toxin X X X X
Serotonergic and dopaminergic medication X X X X
Anticonvulsants X X X X
Antidepressants X X
Massage techniques
Muscle-stretching techniques
Other physical therapy modalities
PT = physical therapists (dark pink); D = dentists (light pink); NTI = Nociceptive Trigeminal Inhibition; 
coloured box = mean score below the cut-off weighted value and therefore scored as valuable; X = not 
applicable or excluded after round 1 and therefore scored as not valuable   
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Muscle-stretching exercises
All physical therapists used muscle-stretching exercises in the management of bruxism 
or related symptoms. The implementation and considerations regarding the stretching 
parameters were largely the same for all therapists. Stretching exercises were performed 
manually, intra-orally, 2-3 times a day, with 2-3 repetitions of 20-30 second stretches at an 
intensity within the pain threshold.
DISCUSSION 
The present study evaluated the diagnostic tools and management strategies used in daily 
practice of the specialized dentist and physical therapist in the Netherlands. As expected, a 
wide variety of strategies is used, determined by profession. In general, it is understandable 
that the dentist would use intraoral signs to diagnose bruxism and occlusal splint therapy 
in the management of bruxism, while the physical therapist evaluates musculoskeletal 
consequences in the diagnostic process and habit reversal and muscle techniques for bruxism 
management, because these modalities are available within their practices. One of the major 
pitfalls in clinical practice is a tunnel view, meaning that we only see problems and solutions 
from our own profession-specific perspective. 
Bruxism diagnosis
The most used diagnostic tools for both AB and SB are aspects of the anamnesis (report 
by patient or partner, pain/discomfort/fatigue of the muscles) and aspects of the clinical 
examination (intraoral signs). This was an expected result because of the limited options 
available to the clinician in daily practice. Therefore, according to the diagnostic grading 
system1, the highest attainable diagnosis level in daily practice would be ‘probable’ bruxism. 
Both professions tend to use multiple tools combined for the diagnostic process, and for SB 
more tools are combined to set the diagnosis than for AB. This is in line with the general opinion 
that bruxism is difficult to diagnose. Although EMG/PSG registration is the most valid tool, it is 
not feasible for daily practice. Since there is still discussion about the definition and diagnosis 
of bruxism1,8, clinicians are limited to evaluating signs and symptoms related to bruxism 
instead of measuring the actual phenomenon. Studies have shown that both self-reporting9 
and findings of the extra- and intraoral inspection10-13 are not highly valid and specific. To date, 
various research groups have engaged in the development and validation of simple but valid 
(EMG) devices14-17. This would be a valuable addition to the current daily practice of bruxism 
diagnostics.
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It is remarkable that psychological stress was the only risk factor mentioned by both 
professions. Other well-studied risk factors18-26, e.g. alcohol, cigarettes, amphetamine-related 
drugs, caffeine and certain medication, may not be known to professionals.
Bruxism management
The most used management strategies varied widely and differed between dentists and 
physical therapists, although in both rounds and by both groups aspects of counselling (i.e. 
habit reversal, lifestyle advice and sleep hygiene advice) were valued highly. This could be 
expected since self-management of the patient is highly valued in both dentistry and physical 
therapy and is supported by evidence27-29. Depending on the speciality, other approaches were 
submitted. All strategies of the so-called ‘multiple-P’ approach6, i.e. Plates, Pep talk, Pills, 
Psychology and Physiotherapy, were used, with pharmacological strategies the least used in 
daily practice. 
More management strategies are actually used (round 2) than recognized as clinically useful 
(round 1). For example, the use of antidepressants and physical therapy modalities, such as 
massage techniques and muscle-stretching techniques, did not score for clinical usefulness, 
but were in fact used in daily practice. Worthwhile mentioning is that, for physical therapists, 
the occlusal NTI splint and, for dentists, botulinum toxin is in the top 5, without a score 
exceeding the cut-off weighted value in both round 1 and round 2. These discrepancies may 
be explained by the impossibility of implementing these strategies, for example due to the 
absence of facilities or specific skills or due to organization of the Dutch health care system or 
the Dutch insurance system. 
A review of management strategies for bruxism6 and some later published randomized 
controlled trials30-32 concluded that the effect of oral appliances on bruxism is variable and hard 
to interpret; the effect of botulinum toxin on bruxism was supportive in reducing the intensity 
but not frequency of SB episodes whilst the duration of the effect was unclear; benzodiazepine 
clonazepam and the antihypertension drug clonidine might have SB-reducing effects; effects 
of EMG-based biofeedback training on both AB and SB were contradictory; sleep hygiene and 
muscle relaxation techniques were not effective to reduce SB; and findings of electrical stimuli 
on the masseter muscles to suppress SB were suggestive and  may interrupt normal sleep 
structure. 
Methodological considerations
A strong feature of the present study was the inclusion of participants with different backgrounds. 
Both dentists and physical therapists, working in different settings were included, aiming to 
achieve a representative overview of daily bruxism practice in the Netherlands. It would be of 
interest to prepare a similar study design in a multinational study population.
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The present study had a few limitations. First, the software used for the questionnaires, 
SurveyMonkey, offered limited functions. This means that the layout of the different items of 
the questionnaires that was most optimal for a good understanding of the questions could 
not be achieved. Alternative answers were not suitable for all items. Finally, due to technical 
problems, some participants had difficulties with completing the questionnaires and dropped 
out.
Clinical relevance and recommendations for further research
As already recommended by Lobbezoo et al.1, combining as much signs and symptoms of 
bruxism as possible, for example using anamnesis, the structured BRUX-scale33 and extra- 
and intraoral signs, will provide the most reasonable diagnosis of bruxism. If specific tools 
are not available in daily practice of a general practitioner, referral to specialists might be 
recommended. Further development and validation of simple and reliable EMG-devices could 
improve bruxism diagnosis in daily practice. However, there is ongoing discussion whether 
bruxism is pathologic or physiologic.34,35 This raises the question if diagnosing bruxism is really 
necessary.
With regard to the management of bruxism and its negative consequences, it would be 
interesting to prepare a consensus guideline. First, the participating professionals in this study 
agreed that there is only a treatment indication if bruxism has negative consequences for the 
patient, such as muscle pain or tooth wear. Because the etiology of the phenomenon bruxism 
is still unclear and bruxism has a wide range of possible consequences regarding different 
body systems, i.e. dental and musculoskeletal, a consensus guideline should include general 
recommendations for management, suggestions for the most effective (and feasible) strategy-
combinations and collaboration between different professions.
CONCLUSION
In daily clinical practice of dentists and physical therapists in the Netherlands, multiple tools, 
mostly aspects of self-report and clinical examination, are combined to diagnose ‘possible’ 
and ‘probable’ bruxism. Diagnostic tools and management strategies used in daily practice are 
determined by profession. Also, different management strategies, covering all strategies of 
the so-called ‘multiple-P’ approach (i.e. Plates, Pep talk, Pills, Psychology and Physiotherapy), 
are combined to manage (the negative consequences of) bruxism, although counselling is the 
most valued and often used by both dentists and physical therapists. 
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Bruxism: Is there an indication for 
muscle-stretching exercises?
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ABSTRACT
Bruxism is a common phenomenon involving repetitive activation of the masticatory muscles. 
Muscle-stretching exercises are a recommended part of several international guidelines for 
musculoskeletal disorders and may be effective in management of the jaw muscle activity 
that gives rise to bruxism. However, most studies of muscle-stretching exercises have mainly 
focused on their influence on performance (eg, range of motion, coordination, and muscle 
strength) of the limb or trunk muscles of healthy individuals or individuals with sports-related 
injuries. Very few have investigated stretching of the human masticatory muscles and none 
muscle-stretching exercises in the management of (sleep) bruxism. This article reviews the 
literature on muscle-stretching exercises and their potential role in the management of sleep 
bruxism or its consequences in the musculoskeletal system. 
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Bruxism, recently defined by an international expert group as “a repetitive jaw-muscle activity 
characterized by clenching or grinding of the teeth and/or by bracing or thrusting of the 
mandible,”1 affects not only the teeth and oral tissues, potentially causing tooth wear and dental 
fractures, but also the musculoskeletal system, giving rise to muscle pain and dysfunction.2 
Bruxism can occur when a person is sleeping (sleep bruxism) or awake (awake bruxism).1 This 
review focuses on sleep bruxism.
Exercise therapy, such as muscle stretching, is often recommended for the management of 
musculoskeletal disorders.3–10 Muscle stretching is done for preventive and therapeutic purposes 
and aims to obtain muscle relaxation, improve the ability to move, and/or decrease pain. It 
is unclear whether stretching exercises can reduce sleep bruxism and its musculoskeletal 
consequences. 
This review outlines the pathophysiology of bruxism and muscle stretching, briefly describes 
muscle architecture and muscle physiology, and considers the possible influence of muscle 
stretching on bruxism. Since most of the available literature on muscle stretching concerns the 
limb and trunk muscles, findings are discussed in terms of clinical considerations for applying 
stretching on the masticatory muscles. The aim of this review is to provide insight into whether 
stretching of the masticatory muscles can reduce bruxism. 
BRUXISM
Bruxism can be classified as ‘possible’, ‘probable’, and ‘definite’.1 ‘Possible’ bruxism is based 
on self-reported data collected with questionnaires and/or patient history, ‘probable’ is based 
on self-report and physical examination, and ‘definite’ is based on self-report, physical 
examination, and polysomnographic (PSG) recording, preferably with audiovisual recordings. 
PSG is considered the gold standard in the diagnosis of bruxism.11 
A systematic review showed that the prevalence of generic bruxism in adults varies from 8% 
to 31.4%, that of awake bruxism ranges from 22.1% to 31%, and that of sleep bruxism is 12.8% 
± 3.1%.12 For sleep bruxism, a distinction is made in prevalence based on self-report (12.5%), 
based on PSG recordings (7.4%), or based on both PSG and self-report (5.5%).13 The prevalence 
is similar in males and females, but bruxism is more common in children14 and its prevalence 
decreases with age. 
It is not known how often bruxism gives rise to clinical problems. Only one study tried to 
distinguish between the overall prevalence of self-reported nocturnal tooth grinding, which 
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was found to be 8.2%, and the prevalence of tooth grinding that caused problems (such as pain 
of the jaw muscles), which was found to be 4.4%.15
Etiology and Pathophysiology
The etiology of bruxism is still unclear, but it is considered multifactorial, with peripheral 
(morphologic) and central (pathophysiologic and psychologic) factors described. It is also 
not clear whether bruxism is the extreme manifestation of a physiologic activity or a specific 
pathologic entity.16 Carra17 recently proposed distinguishing between primary, secondary, and 
comorbid bruxism, with bruxism being considered primary or idiopathic in the absence of 
medical causes; secondary or iatrogenic when it is associated with drug intake or with medical 
diseases; and comorbid when it accompanies sleep disorders. Studies of bruxism etiology are 
hampered by the lack of standardized diagnostics or even definition of bruxism. In this review, 
the current etiologic factors will be listed and not described in detail. 
Dental occlusion has long been considered a peripheral pathophysiologic factor in bruxism. 
However, there is an absence of strong evidence to support this hypothesis.18,19 Moreover, 
Lobbezoo et al.20 found no difference in the orofacial anatomy (ie, dental and skeletal 
relationships) between patients with and without bruxism. 
The relationship between bruxism and psychosocial factors, such as anxiety and psychologic 
distress, has been confirmed for awake bruxism.21 Other emotions, such as anger and 
frustration, have hardly been studied in relation to bruxism.22–25 
Besides psychosocial factors, multiple exogenic pathophysiologic factors such as 
antidepressant drugs26,27 and other drugs related to the dopaminergic, serotonergic, and 
adrenergic systems;28 amphetamine-related drugs;29 tobacco use; increased alcohol intake; 
and caffeine consumption15,30,31 have been associated with sleep bruxism. Most current evidence 
supports the hypothesis that bruxism is mediated by the central and autonomic nervous 
systems and especially by the dopaminergic system. This hypothesis is based on the role of 
the dopaminergic system in other movement disorders, such as torticollis and Parkinson’s 
disease.16 
Moreover, sleep-related arousal and obstructive sleep apnea syndrome seem to be related 
to sleep bruxism.32,33 Finally, bruxism may be linked to genetic factors or to a familial learned 
behavior (children mimicking their parents’ behavior). Finnish twin studies show that childhood 
sleep bruxism persists into adulthood in 86.9% of individuals.34,35 It is more likely that changes 
in multiple genes, rather than in a single gene, underlie the increased oral motor activity seen 
in bruxism.2 
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It can be concluded that there is no single explanation for why sleep bruxism develops and 
leads to problematic consequences such as pain and dysfunction.  
Management
Owing to the unclear etiology and pathophysiology of bruxism, management strategies are 
mainly focused on reducing symptoms. Strategies that are currently studied and used in clinical 
practice can be distinguished as peripheral approaches, including occlusal interventions and 
oral appliances36,37 and botulinum toxin;38 central approaches, including the use of serotonergic 
and dopaminergic drugs;27 and behavioral therapy,39–45 such as sleep hygiene advice,39 habit 
reversal techniques,40,46,47 and biofeedback.48,49 A few years ago, Lobbezoo et al50 proposed 
the ‘triple-P’ approach, based on a combination of oral appliances (ie, Plates), counseling/
behavioral strategies (ie, Pep talk), and centrally acting drugs (ie, Pills). This combination has 
in daily practice become the usual care for (sleep) bruxism. This approach emphasizes the 
importance of a multimodal approach, even if the strategies used are not effective as stand-
alone therapies. In an updated review, the researchers describe an expanded ‘multiple-P’ 
approach, consisting of Plates, Pep talk, Pills, Psychology, and Physiotherapy.51 This trend 
offers opportunities for physiotherapeutic strategies such as muscle-stretching exercises. 
Two examples of management strategies that are already used in the field of physical therapy 
are habit reversal and biofeedback. Habit reversal is based on the idea that habits exist 
because of response chaining, limited awareness, excessive practice, and social tolerance and 
asserts that they can potentially be broken by applying the habit-reversal technique developed 
by Azrin and Nunn.46 The technique has been investigated for nervous tics (eg, in Tourette 
syndrome) and trichotillomania (hair-pulling disorder) and is commonly used in physiotherapy. 
One study found that awareness/relaxation training significantly decreased diurnal masseter 
EMG activity.47 Awareness training seems to have positive effects on awake bruxism. Although 
the effects on sleep bruxism are not studied, it is frequently used in practice. 
Biofeedback, by which a stimulus is given whenever bruxism occurs, has been studied as 
treatment, but a recent systematic review did not find strong evidence to support its use in the 
management of sleep bruxism. However, the diversity of biofeedback methods used did not 
allow pooling of data in that review.48 Awake bruxism was reduced, but only for the short term.49
Muscle-stretching exercises, as part of exercise therapy, are widely used for muscle-related 
problems such as tension or cramp. Indeed, stretching is used for muscle cramp in athletes, 
although there is inconsistent evidence that stretching reduces exercise-associated cramps.52–54 
Several guidelines recommend stretching exercises for musculoskeletal pain and disorders.3,55 
Stretching exercises for the masticatory muscles have proven beneficial for temporomandibular 
disorders,56 reducing pain and improving function,57,58 but have not yet been investigated in 
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relation to bruxism. As muscle-stretching exercises have yielded promising results in relation 
to muscle-related outcomes, this article will take a closer look at the potential benefits of 
muscle stretching in the treatment of bruxism.
MUSCLE-STRETCHING EXERCISES
Muscle-stretching exercises have been used for centuries — first in yoga, and in the last 
century mostly in sports and rehabilitation. These exercises are used to reduce stiffness or 
tension, improve mobility, reduce pain, and adapt muscle structure and/or function. While 
stretching primarily stretches muscle fibers, it probably also stretches other structures (ie, 
tendons, fascia, nerves). It gives rise to a feeling of increased muscle control, flexibility, and a 
comfortable muscle tone. The various types of stretching exercises are listed in Table 1. 
Table 1.  Definition and recommended parameters of different types of muscle stretching
TYPE OF 
STRETCHING
MAIN CHARACTERISTICS PARAMETERS PURPOSE
Static stretching
(passive)
A specific position is held 
with the muscle on tension 
to a point of a stretching 
sensation
10-30 seconds (<90s)59
2-4 repetitions62-66
Improve range of 
motion59
Prevent injury60
Improve performance60
Active dynamic 
stretching
Gently propelling the muscle 
towards the maximum 
range of motion
3-6 repetitions of  
15-30 seconds67
Improve 
viscoelasticity59,60
Improve range of 
motion59
Ballistic dynamic 
stretching
Rapid, alternating 
movements or ‘bouncing’ at 
end-range of motion
3 repetitions of  
15 seconds67
6 repetitions of  
30 seconds67
Improve 
viscoelasticity59,61
Improve range of 
motion59
Proprioceptive 
neuromuscular 
facilitation (PNF)
75 to 100% of a maximal 
contraction or
20 to 60% of a submaximal 
contraction63
≥ 1 repetition68 Improve muscle 
flexibility60
Most research on muscle stretching has been done with athletes, both healthy and injured, and 
has focused on limb and trunk muscles. Very little research has investigated stretching of the 
masticatory muscles. Muscle stretching is typically applied as part of a multicomponent exercise 
program, which makes drawing conclusions about its individual value difficult. Several reviews 
of stretching are available that provide general recommendations.59,69–71 Current concepts in 
muscle stretching for performance and rehabilitation are outlined below. As bruxism involves 
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the masticatory muscles, which differ from the limb and trunk muscles, available knowledge 
will be translated into clinical considerations in the context of bruxism.
Physical Effects 
Muscle-stretching exercises are used in training sessions and for warming up and cooling 
down, and are essential for some sports. However, results of studies of several physical effects 
of muscle stretching are contradictory. 
Several studies on passive stretching, also known as static stretching, showed a reduction 
in electromyography (EMG) activity,72–74 while another study showed no reduction.75 Results 
from studies of static stretching are similarly contradictory, with some studies reporting a 
reduction in muscle activity76–79 and others reporting no reduction.80–84 One study found a single 
bout of dynamic stretching to significantly decrease presynaptic inhibition.85 There is evidence 
to support86 and to reject78,79,84 dynamic stretching in reducing EMG activity. 
Stretching increases the range of motion (ROM) of joints, which is limited by joint aspects 
(including joint congruency and the capsuloligamentous structures) and muscle tightness. 
Most research into the effect of stretching on flexibility involves the hamstring muscles.87 The 
increase in ROM is not due solely to increased muscle length, but also to an increase in stretch 
tolerance. Chan et al. showed increased muscle extensibility,88 while most studies show an 
increase in ROM due to an increase in stretch tolerance.89–91 Konrad and Tilp concluded that 
this increased tolerance may be due to adaptations of nociceptive nerve endings.92 Static 
stretching is considered to be the most effective at increasing ROM (Table 1). 
Muscle-stretching exercises also tend to improve the elastic properties of tendons.93 A tendon 
with high elastic properties is able to save energy and release it with the next contraction, 
which is beneficial in sports involving running and jumping. However, the mechanism by 
which stretching influences performance (which is defined by muscle functions such as 
flexibility, coordination, strength, and endurance) depends on the type of sport practiced. For 
example, stretching shortly before cyclic movement, such as running, improves performance 
by decreasing viscoelasticity, whereas stretching on a regular basis decreases performance, 
probably due to too-long muscle-tendon units. Stretching shortly before explosive effort, such 
as jumping, decreases performance due to microruptures in the muscle, whereas stretching 
on a regular basis improves performance.94,95 On the other hand, regular static stretching 
exercises can improve specific exercise performance, for example in gymnastics.96 
Muscle-stretching exercises are commonly used in rehabilitation to increase muscle length 
and ROM and to align collagen fibers during the healing process. Athletes with hamstring 
strains recover faster and more effectively if they perform stretching exercises.97–99 Moreover, 
stretching is reported to be as effective as strengthening exercises or manual therapy in 
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patients with chronic musculoskeletal pain, by decreasing pain and disability and increasing 
stretch tolerance.100–103 Stretching also has some beneficial effect in preventing work-related 
musculoskeletal disorders.104 
However, muscle stretching may not always be beneficial. For example, the increased ROM may 
give rise to functional instability, and muscle stretching exercises may reduce joint stability, 
decrease the ability of the muscle tendon to absorb energy, increase load on the ligaments, 
and increase pain tolerance, which may cause tissue damage. Static stretching performed just 
before explosive exercise is detrimental to muscle strength105–111 and performance.112–116 The 
detrimental effects mainly occur with longer duration of stretching (> 60 seconds). The cause 
for this so-called stretch-induced loss of strength is not clear and may be due to neural and 
mechanical factors, such as the length of the muscle. A maximal contraction before static 
stretching may decrease the loss of strength.117 
The evidence for preventive muscle stretching is contradictory,118 with one study reporting 
that muscle stretching, whether performed before, after, or before and after exercise, did 
not reduce delayed-onset muscle soreness in healthy adults.119 The overall conclusion is that 
stretching is ineffective in reducing the incidence of exercise-related injury. 
Psychologic Effects
In daily practice, at least in physiotherapy, patients appreciate muscle-stretching exercises 
because the exercises meet their need for self-support. The main differences between people 
who do and people who do not seek medical help for signs and symptoms are coping style and 
locus of control.120 Coping style refers to the way people behave in response to stressful events, 
such as a physical problem. Locus of control refers to beliefs people have regarding whether 
the cause or course of specific events is attributable to personal (internal control) or situational 
(external control) elements. Locus of control is a stable personality characteristic and is 
associated with certain coping strategies.121 As expected, passive pain coping strategies and 
external locus of control beliefs are significantly associated with depression, higher-rated pain 
intensity, and increased interference of musculoskeletal problems with daily activities.122,123 
Because muscle-stretching exercises are conscious actions — the person is aware that the 
stretching has a purpose — they may elicit a placebo response. Placebo effects (and the opposite, 
nocebo effects) have been extensively investigated in pain research. Studies of patients with 
Parkinson’s disease have shown that this placebo effect is related to the activation of reward 
mechanisms. The expectation of a reward, the anticipation of therapeutic benefit, results in the 
release of dopamine in the striatum. Moreover, previous experiences with positive therapeutic 
effects increase the strength of the placebo effect (ie, a higher level of positive experience 
with exercise therapy will lead to a stronger placebo effect). Dopamine also may be involved in 
placebo responses encountered in other medical disorders, such as pain and depression.124,125 
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There is consensus that static stretching affects pain tolerance and that it improves performance 
in some, but not all, sports. There is no consensus on the intensity, duration, repetitions, and 
type of stretching, or on whether stretching should be used in warming up or in cooling down or 
if it should be preceded by a warmup. Again, all these studies investigated the limb and trunk 
muscles, which have different characteristics from the masticatory muscles, making direct 
extrapolation of findings difficult. 
MASTICATORY MUSCLES AND STRETCHING
The masticatory muscles differ in several aspects from limb and trunk muscles. These 
differences can be explained in terms of functionality, because the masticatory muscles are 
active during a large variety of specific motor tasks, such as mastication, biting, speech, and 
swallowing. To execute this variety of tasks, they must be able to precisely control the position 
of the mandible and instantaneously apply changing forces to it.126,127 Aare et al.128 concluded 
that significant differences in gene expression between craniofacial and limb muscles underlie 
the differences in structural and functional characteristics between these muscles. In the light 
of this specific topic, only a few differences will be discussed, namely, muscle architecture and 
muscle damage and repair.
Muscle Architecture
The anatomy and architecture of the masticatory muscles are different from those of the limb 
and trunk muscles. First, the fibers of the masticatory muscles are four to five times smaller 
and do not have long tendons. The type II (fast) fibers are often smaller than the type I (slow) 
fibers, whereas in limb and trunk muscles the opposite is true. Second, many of the fibers 
are hybrid, having the ability to change from one fiber type into another, especially in the jaw-
closing muscles. Hybrid fibers have contractile properties that are intermediate between those 
of the myosin heavychain (MyHC) isoforms they express. Normally, the conversion of fiber types 
follows a strict order, from type I to type IIA to type IIX to type IIB, or vice versa. Contraction 
velocity increases successively, while fatigability decreases in that order. This means that the 
fibers change from a pure fiber type into another pure fiber type via hybrid fiber types, so 
there seems to be continuous switching.129 The jaw-closing muscles contain 40% hybrid fibers, 
while the jaw-opening muscles contain only 10%. Thus, the jaw-closing muscles seem better 
adapted to perform slow, tonic movements and the jaw-opening muscles seem to be better 
adapted to produce faster, phasic movements. 
The motor unit territories of the masticatory muscles appear to be smaller than those of the 
limb muscles, and their cross-sectional area is variable, which explains the large variability in 
force generated (ie, the ability to perform a variety of motor tasks).130 Since a smaller cross-
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sectional area facilitates the diffusion of oxygen and nutrients, it might improve resistance to 
fatigue, especially in the fast fibers. 
Muscle Damage and Repair
Because the fibers of the masticatory muscles are smaller than those of the limb/trunk 
muscles, the effect of mobilization or stretching will be greater, as will the risk of damage. 
Injured masseter muscles exhibited increased fibrous connective tissue in the region of 
damage, evidence of ineffective muscle regeneration.131 This decreased regenerative capacity 
of masseter muscles is due to differences in the intrinsic myoblast populations compared to 
limb muscles. As the regenerative capacity of masticatory muscles is less than that of the 
larger skeletal muscles, overstretching could be a problem due to microtrauma of the muscle 
fibers. This has practical consequences — the applied stretch should not be so intense as to 
cause muscle damage. 
Oral Motor Behavior, Proprioception, and Neuroplasticity
This article proposes the concept that a dysfunction in proprioception may be a factor in 
bruxism etiology. Proprioception plays a key role in identifying the position of the mandible 
when the teeth are not in occlusion.132 In individuals with bruxism, the rest position of the jaw 
is changed from a position with some space between the maxillary and mandibular teeth into 
a situation with the teeth clenched together. This changes the person’s body image (knowledge 
of the shape and position of different parts of the body), but as the person does not perceive 
this situation as being abnormal, the brain is not alerted that something needs to be changed. 
This concept can be explained by thixotropy and the associated increased intrafusal tension.133 
Muscle thixotropy is defined as the history-dependent changes in the so-called short-range 
elastic component (SREC). This means that after a conditioning contraction, such as bruxism, 
a high level of background discharge remains and subjects make position errors in the rest 
position. Thus, bruxism could be the consequence of altered proprioception.134 Bruxism may 
lead to muscle fatigue. This in turn leads to the body’s perception that greater force is needed 
to achieve muscle activity,133 which could lead to a vicious circle of repeated muscle activity. 
The authors propose that bruxism may be not only a motor dysfunction but a sensorimotor 
dysfunction. Insight into cortical neuroplasticity (changes in neural pathways and synapses 
in response to changes in behavior, environment, neural processes, thinking, and emotion) 
is crucial for understanding how humans learn or relearn oral motor behaviors and for 
developing even better rehabilitative strategies to exploit these mechanisms in people with 
orofacial sensorimotor dysfunction.135 Several studies have shown that aspects of neurologic 
representations of inputs and actions can be modified by appropriate neurobehavioral training 
as a result of brain plasticity.136 This raises the question whether bruxism can in part be seen 
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as a sensorimotor dysfunction (ie, neuroplasticityinduced behavior) and if muscle stretching 
can meet the characteristics of neurobehavioral training.137
Psychosomatic Aspects
A question that cannot be omitted when it comes to exercise or any kind of intervention where 
a practitioner or medical device is involved is whether the effect of the exercise is really due 
to the therapeutic effects or also to secondary aspects, such as attention, expectations, or the 
patient-therapist relationship.
As already described, the placebo effect is partly associated with the dopamine system. The 
dopamine system is also involved in sleep bruxism and thus might be a common pathway 
through which a placebo could have physiologic influence on sleep bruxism. Moreover, it is 
already known that attention and mood influence pain.138 Attention and mood may influence the 
intensity of bruxism, increasing (by increasing the involved brain area) as well as decreasing it (by 
positive expectations/context). Research into the placebo effect in Parkinson’s disease124,125,139 
suggests that the mechanisms of Parkinson’s  disease and bruxism overlap to a certain extent, 
so that it might be possible to induce a placebo effect via conscious conditioning in patients 
with bruxism. In bruxism as in Parkinson’s  disease, there may also be an imbalance between 
the output pathways of the basal ganglia, a group of nuclei that play an important role in the 
coordination of movements. Moreover, controlled polysomnographic studies show that the 
conventional drugs used in Parkinson’s  disease appear to have an inhibitory effect on bruxism 
activity.140,141 
A critical evaluation of the available literature on the masticatory muscles, bruxism, and muscle 
stretching has led to a new concept in bruxism. Bruxism may be not only a motor dysfunction, 
as the current definition suggests, but a sensorimotor dysfunction with an important role 
for proprioception. When introducing a new management strategy (ie, muscle-stretching 
exercises), several differences in the muscle architecture and muscle damage and repair of 
the masticatory muscles compared with limb and trunk muscles should be taken into account. 
Therefore, the authors propose the use of muscle-stretching exercises in the management of 
sleep bruxism with several practical considerations.
PROPOSAL FOR JAW MUSCLES STRETCHING PROTOCOL
Certain conclusions can be drawn about the dosimetry of the applied muscle stretch on the 
basis of the literature. First, stretching exercises should be done frequently and repetitively to 
bring about changes in neuroplasticity and muscle fiber type and to consolidate the acquired 
motor skill. Although several articles have been published about aspects of the dosimetry,59,69–71 
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it remains unclear whether a specific stretching protocol is superior to another and whether 
outcomes are affected by the type of stretching, duration, repetitions, and intensity. 
Second, the exercises should not be done too intensively (ie, too forcefully), to prevent 
overstretching and therefore microtrauma of the muscle fibers.131 On the other hand, a certain 
amount of (over)stretch is needed to attain sarcomerogenesis.142
Third, stretch duration should not be too long. Studies of the limb muscles show that stretching 
for longer than 60 seconds can be detrimental.143 The general recommendation, based on the 
hamstring muscles, is that a stretch should last at least 30 seconds. Shorter times will not 
allow the muscle fibers to release tension and reach an optimum sarcomere length. 
Fourth, the type of stretching (static, dynamic, or ballistic [ie, bouncing]) and whether it is 
applied directly on the muscle or within the kinetic chain, is important. On the basis of findings 
for the limb and trunk muscles (see Table 1), acute static stretching and hold-relax stretching 
would seem most appropriate for reducing bruxism and/or its musculoskeletal consequences. 
Since the jaw-closing muscles, due to their fiber composition, seem better adapted to perform 
slow, tonic movements, a low intensive type of stretching should be considered. Furthermore, 
to avoid eliciting jaw reflexes, the stretch should not be too abrupt. Another approach would 
be to include vibration to the stretching exercise. Vibration activates the muscle spindle and 
causes a feeling of muscle relaxation due to desensitization (ie, reduced proprioception and 
reduced excitability).144 
Finally, the mentioned parameters of muscle stretching may have to be modified if the patient 
experiences pain, which affects muscle activity.145,146 
CONCLUSIONS
This topical review aimed to provide insight into the role of muscle stretching in the 
management of bruxism. Understanding bruxism as a repetitive jaw-muscle activity allows 
it to be seen as a musculoskeletal problem or at least a phenomenon with musculoskeletal 
involvement. 
The authors suggest approaching bruxism as a sensorimotor dysfunction instead of a motor 
dysfunction. This concept is based on the altered proprioception that results from bruxism. The 
positive physical and psychologic effects of exercise therapy for musculoskeletal problems of 
limb and trunk muscles support muscle stretching in the management of bruxism. Although 
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several differences between limb muscles and jaw muscles have to be considered, the use of 
muscle stretching in the management of bruxism looks promising. 
Specific studies of the effect of stretching of the masticatory muscles on bruxism are needed, 
with attention on effectivity for bruxism and subsequently on the dosimetry of stretching. A 
randomized controlled trial design with two arms, with traditional care versus traditional 
care plus stretching, would neutralize nonspecific aspects (placebo effect) while allowing 
assessment of the additional value of muscle stretching. Studies of more fundamental aspects, 
such as the changes induced in muscle by stretching exercises, would provide further insight 
into the potential benefits of stretching exercises.
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sleep bruxism: a randomised controlled trial 
CHAPTER 4
70
ABSTRACT
Background: Sleep bruxism is a phenomenon associated with masticatory muscle hyperactivity. 
While stretching of limb and trunk muscles has been extensively studied for musculoskeletal 
disorders, little is known about the effectiveness of stretching of masticatory muscles in the 
management of bruxism. 
Objective: The aim of this study is to determine the effectiveness of stretching of the masticatory 
muscles for sleep bruxism.
Methods: Twenty-four pain-free individuals with sleep bruxism were randomly assigned to 
either an intervention group or a control group. Both groups were given sleep hygiene advice 
and the intervention group additionally received muscle-stretching exercises for 10 days. 
Primary outcome measures, bruxism bursts and episodes per hour of sleep, were measured 
by ambulant polysomnography. Secondary outcome measures were among others pain-free 
active maximum mouth opening (MMO) and masseter pressure pain threshold (PPT). 
Results: The number of bruxism episodes per hour of sleep increased more in the intervention 
group than in the control group (by 1.1 episodes, P = 0.066), as did the number of bruxism 
bursts per hour of sleep (by 8.6 bursts, P = 0.049). MMO and PPT increased significantly more 
in the intervention group (by 3.2 mm, P = 0.020; and by 1.0 kg/cm2, P = 0.036, respectively).
Conclusion: Static stretching of the masticatory muscles resulted in a minor increase in sleep 
bruxism episodes (not significant) and bursts (significant). It also led to a significant increase 
in MMO and PPT. Therefore, masticatory muscle stretching was not effective in reducing sleep 
bruxism in the absence of pain and/or dysfunction. 
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BACKGROUND
Bruxism is a common clinical entity defined as “a repetitive jaw-muscle activity characterized 
by clenching or grinding of the teeth and/or by bracing or thrusting of the mandible”, with a 
distinction being made between sleep bruxism (SB) and awake bruxism (AB).1 In this study, we 
focus on SB. The point prevalence data of SB is highly variable, ranging from 3.5% to 49.6% 
in children2,3 and 7.4% to 12.8%4,5 in adults. The reported prevalence is lower in the elderly 
population and no gender differences have been identified.4 The pathophysiology of bruxism 
remains unclear6, although nowadays centrally rather than peripherally regulated mechanisms 
are considered more likely.7 Because of the unclear pathophysiology of bruxism, management 
strategies mainly focus on reducing the potential negative consequences of bruxism, such 
as tooth wear, muscle pain, and headaches. Injection of botulinum toxin into the masseter 
muscles temporarily reduces the frequency of bruxism events8, but none of the current 
treatment modalities are effective and feasible for most patients with SB. For this reason, a 
multimodal approach is recommended. Recently, the so-called ‘multiple-P’ approach for both 
types of bruxism has been launched by clinicians – Plates, Pills, Pep talk, Psychology, and 
Physiotherapy.9 However, muscle exercises may also be useful because bruxism is associated 
with hyperactivity of the masticatory muscles, as occurs in muscle cramp.
Exercise therapy is commonly recommended in the management of musculoskeletal disorders, 
with a view to improving daily activities (e.g. chewing/mastication) and participation (e.g. work or 
singing).10-13 A frequently used type of exercise therapy, particularly in rehabilitation, is muscle 
stretching,14-16 to reduce muscle tension, increase mobility, and reduce pain. Most research 
has focused on the muscles of the limb and trunk. However, findings for these muscles cannot 
be extrapolated directly to masticatory muscles because of difference in, for instance, muscle 
architecture and mechanisms of muscle damage and repair, as highlighted in a recent review.17 
The aim of the present study was to determine the effect of stretching of the masticatory muscles 
on SB in pain-free individuals in a randomised clinical trial. The null hypothesis was that there 
would be a significant difference in bruxism outcome measures in favour of muscle stretching 
exercises.
METHODS
Study design
In this randomised controlled trial (RCT) (Figure 1), the control and intervention groups both 
received sleep hygiene advice, i.e. practices and habits that can promote a good sleep quality, 
to rule out non-specific aspects. The intervention group was also given muscle-stretching 
exercises. After 10 days, the baseline measurements were repeated.
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Figure 1. Flowchart of participants’ progress through the phases of the trial
Recruited 
(n=24)  
Intervention group 
(n=12) 
Control group 
(n=12) 
Randomization 
(n=24) 
Baseline measurements Baseline measurements 
Sleep hygiene Sleep hygiene 
Muscle stretching 
exercises 
Final measurements Final measurements 
Data analysis Data analysis 
Dropouts 
(n=0) 
Dropouts 
(n=0) 
Dropouts 
(n=0) 
Dropouts 
(n=0) 
Randomisation procedure 
Participants were clustered by gender and age to avoid the risk of bias if they were randomised 
to the intervention programme. An equal number of participants were randomised, after 
computer-generated random assignment of cluster numbers, to two groups by an online 
research randomizer (http://www.randomizer.org).
Study population
Twenty-four participants aged 18 years or older who clenched or grind their teeth while 
asleep, but who did not experience symptoms such as jaw pain or dysfunction, were included. 
These participants did not need treatment for pain and dysfunction. Excluded were individuals 
with neurological, psychiatric, and systemic disorders; participants using medication with 
a described influence on sleep structure or sleep bruxism; patients with loose or missing 
anterior teeth; and patients receiving treatment for bruxism, including occlusal splint therapy. 
Individuals who did not meet the bruxism criteria of Lavigne et al.18 (>4 bruxism episodes 
per hour of sleep or >25 bruxism bursts per hour of sleep) were excluded. Participants were 
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purposively recruited through advertisements and announcements on the Universities and 
University Medical Centres of Nijmegen and Utrecht and in waiting rooms of several general 
practitioners, dentists and physical therapists. Data were collected from September 2014 to 
April 2016. 
Figure 2. Flowchart of measurements throughout the trial (in days)
PSG = polysomnographic recording
Clinical tests and  
questionnaires 
PSG 
1 
Clinical tests and  
questionnaires 
PSG PSG PSG PSG PSG 
10-day intervention period 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 
Clinical examination and questionnaires 
Before the first night of each series of sleep registrations (pre- and post-intervention), 
clinical data were collected and two questionnaires were completed (Figure 2). The clinical 
examination consisted of measuring the mandibular range of motion (ROM), maximum 
voluntary bite force, and pain threshold and tolerance. The mandibular ROM was measured 
with a ruler with a millimetre scale.19 Bite force was measured using a modified device 
developed by the Radboudumc. The device is validated twice a year with a calibrated tensile 
tester (Lloyd Instruments, Technex B.V.). The pain threshold and pain tolerance were measured 
with the Wagner algometer (FDX, Wagner Instruments, Greenwich CT, USA)20. The probe was 
held perpendicularly at the masseter muscle with increasing pressure. The participant was 
asked to indicate when the sensation changed from pressure to pain, i.e. pain threshold, 
and when he could not tolerate the pain sensation anymore, i.e. pain tolerance. Neither the 
principal investigator nor the participant was blinded to the clinical examination. After these 
tests, participants completed two validated questionnaires: the Graded Chronic Pain Scale 
(GCPS)21 and the Mandibular Function Impairment Questionnaire (MFIQ)22. The GCPS is a 
7-item pain questionnaire based on the RDC-TMD Patient History Questionnaire and graded 
pain severity into four hierarchical classes, ranging from low disability/low intensity to high 
disability/severely limiting. The MFIQ is a 17-item function questionnaire that appears to be a 
reliable and valuable complementary tool for assessing impairment of mandibular function. 
The participants also kept a sleep diary, recording their daily activity, self-reported bruxism 
when awake or asleep on a 0-10 rating scale, and a 15-item validated sleep quality scale.23 
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Although pain and mandibular dysfunction were exclusion criteria, in the context of safety and 
possible consequences of the stretching procedure we still measured pain and dysfunction. 
Polysomnography
Established criteria for SB were used.18 All measurements, including clinical examination and 
questionnaires, were taken at the participants’ home. Electrodes were placed according to the 
recommendations of the American Association of Sleep Medicine (AASM)24:
 1)    EEG: frontal left/right, central left/right, occipital left/right, references on mastoid 
processes left/right, vertex reference Cz and ground Fz
 2)    EOG: E1 and E2
 3)    EMG: masseter left/right, temporalis left/right, chin left/right
The Embla® titanium, Embla Systems USA, a wireless 34-channel amplifier, was used as 
portable polysomnography device. For the analysis RemLogicTM software was used.
Intervention 
All participants received sleep hygiene advice as described in Supplementary 1. The intervention 
group also performed static muscle stretching exercises with a stretching device for a total of 
10 days. The stretching protocol is described in Supplementary 2. The participants received 
both oral and written instructions. Neither the principal investigator nor the participant was 
blinded to the intervention.
Data analysis and statistical analysis
Sample size was determined based on data from previous RCTs involving polysomnography25-29 
and calculated using the following aspects: expected difference of 2.4, standard deviation 
of 2, alpha error of 0.05, study power of 80%. Sleep stages were analysed according to the 
AASM guidelines24 and bruxism events were assessed according to the diagnostic criteria of 
Lavigne et al.18 Outcome variables for SB were the number of bruxism episodes per hour of 
sleep (Epi/h) and the number of bruxism bursts per hour of sleep (Bur/h). The mandibular 
ROM (in millimetres), self-reported mandibular function (scored with MFIQ), pain threshold 
and pain tolerance (in kg/cm2), and bite force (in nM) were also measured. All bruxism and 
sleep data were analysed by an experienced independent sleep scientist of the Department of 
Clinical Neurophysiology of the Radboudumc, who was blind to the category group (control or 
intervention). Only bruxism outcome variables detected during sleep were used in the analyses. 
Linear regression models were used to model the effect of the intervention on study outcomes. 
In this study, the dependent variables were the number of episodes or bursts of bruxism per 
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hour of sleep (and the additional outcome measures) and the independent variable was the 
intervention. 
All statistical analyses were performed using the IBM SPSS Statistics software (version 22.0). 
Probability levels of P < 0.05 were considered statistically significant.
RESULTS
The baseline characteristics of the 24 participants (15 females, 9 males, age: 34.6 ± 9.1 (range 
24-62) years) are outlined in Table 1. All participants met the bruxism criteria at baseline. The 
mean sleep duration per night for the total study population was 430.7 ± 54.3 min (control 
group 435.5 ± 59.2 min, intervention group 425.9 ± 51.2 min), the mean number of bruxism 
bursts 47.7 ± 17.0 Bur/h (control group 47.1 ± 16.9 Bur/h, intervention group 48.2 ± 17.9 Bur/h 
), and the mean number of bruxism episodes was 7.6 ± 2.5 Epi/h (control group 7.6 ± 2.2 Epi/h, 
intervention group 7.6 ± 2.9 Epi/h). Table 2 shows the descriptive statistics of all outcome 
measures. No adverse events were reported in either group.
Table 1. Participant characteristics
CHARACTERISTIC CONTROL GROUP INTERVENTION GROUP
Gender (male : female) 4 : 8 5 : 7
Age 35.1 ± 11.5 34.1 ± 6.3
Bruxism episodes/h sleep† (mean ± SD) 47.1 ± 16.9 48.2 ± 17.9
Bruxism bursts/h sleep† (mean ± SD) 7.6 ± 2.2 7.6 ± 2.9
Sleep duration (min) † (mean ± SD) 435.5 ± 59.2 425.9 ± 51.2
† Bruxism and sleep variables are mean values of all, i.e. three baseline and three post-intervention, 
measures.
Sleep bruxism outcome measures
The effect of the muscle-stretching intervention on SB outcome measures is shown in Table 
3. The outcome is calculated as the difference between post-intervention and baseline. The 
intercept is the value of the outcome measure of the control group after the intervention period 
and the effect is the added value, on top of the intercept, for the intervention group. For example, 
the number of bruxism episodes increased by 0.1 Epi/h in the control group but increased by 1.1 
Epi/h relative to control in the intervention group (P = 0.066). Similarly, the number of bruxism 
bursts increased by 8.6 Bur/h in the intervention group relative to the control group (P = 0.049). 
Figure 3 shows the tendency of bruxism bursts to increase from baseline in both groups, but 
with a greater increase in the intervention group than in the control group. 
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Figure 3. Mean number of bruxism bursts per hour sleep at baseline and post-intervention
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Sleep quantity and quality
The total duration of sleep in the intervention group increased by 10.7 min (P = 0.646) and the 
sleep quality, measured with the GSKS, decreased by 0.04 point (P = 0.923) relative to control 
values (Table 3). In short, the intervention group scored slightly higher on bruxism aspects 
and sleep quantity and quality after the 10-day intervention period compared with the control 
group, although this effect was only statistically significant for bruxism bursts.
Mandibular function and impairment outcome measures
Active pain-free maximum mouth opening and pressure pain threshold were statistically 
significant associated with muscle stretching (P = 0.020 and P = 0.036 respectively). The pain-
free MMO in the intervention group increased by 3.2 mm more than in the control group and the 
pressure pain threshold increased by 1.0 kg/cm2 more than in the control group. 
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Table 2. Descriptive statistics (mean ± SD): Sleep bruxism, sleep, mandibular function and impairment 
outcome measures
CONTROL GROUP INTERVENTION GROUP
OUTCOME MEASURE BASELINE
POST-
INTERVENTION
BASELINE
POST-
INTERVENTION
Bruxism episodes/h sleep 7.5 ± 2.2 7.6 ± 2.4 7.0 ± 2.6 8.3 ± 3.3
Bruxism bursts/h sleep 46.1 ± 17.0 47.5 ± 17.4 43.7 ± 17.1 53.7 ± 20.8
Sleep duration (min) 433.6 ± 71.0 439.6 ± 58.3 417.7 ± 66.6 434.4 ± 43.3
GSKS 5.6 ± 1.1 5.3 ± 0.8 5.4 ± 1.6 5.0 ± 1.1
MMO active 54.5 ± 9.9 54.1 ± 9.4 55.0 ± 6.6 55.9 ± 5.3
MMO pain-free 53.8 ± 9.9 52.8 ± 9.2 52.1 ± 9.3 54.3 ± 6.7
MMO passive 56.5 ± 9.9 56.7 ± 9.1 57.3 ± 5.9 57.3 ± 5.1
Bite force 306.9 ± 238.3 244.3 ± 279.8 235.9 ± 210.9 194.1 ± 166.5
Pain threshold 2.6 ± 1.1 1.9 ± 0.8 2.8 ± 0.7 3.1 ± 1.1
Pain tolerance 4.4 ± 1.5 4.1 ± 1.3 4.6 ± 1.0 4.2 ± 1.3
MFIQ 3.4 ± 4.5 3.8 ± 4.6 5.1 ± 6.3 4.9 ± 6.7
GSKS = Groningen Sleep Quality Questionnaire Dutch version; MMO = maximum mouth opening; 
MFIQ = Mandibular Function Impairment Questionnaire
CHAPTER 4
78
Table 3. Regression analysis: Effect of intervention on sleep bruxism, sleep, mandibular function and 
impairment outcome measures
CONFIDENCE INTERVAL
OUTCOME MEASURE P 2.5% 97.5%
Bruxism episodes/h sleep  intercept 0.11 0.787 -0.751 0.979
effect 1.14 0.066 -0.081 2.365
Bruxism bursts/h sleep intercept 1.43 0.628 -4.604 7.462
effect 8.59 0.049 0.054 17.118
Sleep duration intercept 6.00 0.716 -27.820 39.820
effect 10.73 0.646 -37.102 58.555
GSKS intercept -0.31 0.24 -0.934 0.323
effect 0.04 0.923 -0.930 0.847
MMO active intercept -0.33 0.634 -1.764 1.097
effect 1.25 0.213 -0.773 3.273
MMO pain-free intercept -1.00 0.274 -2.848 0.848
effect 3.17 0.020 0.553 5.780
MMO passive intercept 0.17 0.766 -0.979 1.312
effect -0.08 0.916 -1.704 1.537
Bite force intercept -62.67 0.269 -177.268 51.935
effect 20.81 0.793 -141.265 182.876
Pain threshold intercept -0.70 0.037 -1.354 -0.044
effect 1.00 0.036 0.070 1.923
Pain tolerance intercept -0.28 0.354 -0.895 0.334
effect -0.06 0.881 -0.932 0.805
MFIQ intercept 0.73 0.761 -4.175 5.630
effect -0.89 0.787 -7.681 5.894
GSKS = Groningen Sleep Quality Questionnaire Dutch version; MMO = maximum mouth opening; MFIQ 
= Mandibular Function Impairment Questionnaire; intercept is difference between post-intervention and 
baseline for control group; effect is the added value, on top of the intercept, for the intervention group
DISCUSSION
 
The present experimental study involved pain-free individuals with SB. To date, there have 
been no studies of the effect of stretching on the masticatory muscles. The number of 
bruxism episodes and bursts increased in both the intervention group and control group. 
These differences are statistically significant for the bruxism bursts (P = 0.049), but not for 
the bruxism episodes (P = 0.066). However, because the differences were small and the level 
of significance was not persuasive, we consider the effect not clinical relevant. Also, although 
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both pain-free MMO and pressure pain threshold increased significantly in the intervention 
group, the difference did not exceed the minimal clinical important difference of 6-9 mm30 
and 1.5-2.3 kg/cm2 31, respectively. Therefore the null hypothesis was rejected, meaning that 
masticatory muscle stretching was not effective in reducing SB in the absence of pain and/or 
dysfunction.
The present study had a few limitations. First of all, the participants were recruited through 
advertisements and announcements, which calls for purposive sampling. This way of recruiting 
has its advantages and disadvantages. Participants were motivated to perform the exercises of 
the study protocol, which reduced the chance of dropout. On the other hand, the participants 
were a selected population with, for example, specific personality characteristics that might 
have affected outcomes. We did not evaluate the psychological characteristics of the participants 
because we were interested in the direct response of the muscles to stretching and not in the 
effect in clinical cases, such as patients with pain. Most of the participants were women, even 
though the prevalence of SB is similar in men and women. This difference in participation could 
suggest that women tend to seek help more often32, may be more aware of health issues and 
their body, and feel more pressurized by a request. Also, the fact that participants had to receive 
the principal investigator in their own homes for 6 evenings could have affected willingness to 
participate. Secondly, this study could have been biased by foreknowledge, as participants and 
therapist were not blinded. Unfortunately, it is not usually possible to achieve and maintain 
blinding in exercise-based studies, nor is it possible to develop a sham intervention for exercise 
therapy. 
Of the various stretching techniques, namely, static, dynamic, and ballistic (i.e. bouncing), we 
chose static stretching on the basis of the available literature regarding the effects of muscle 
stretching.17 However, it could be that the used stretching protocol, i.e. duration, repetitions, 
and intensity, is not the most effective one. If SB levels were monitored every night throughout 
the whole study period, fluctuations due to the muscle stretching could have been reported, 
offering the possibility to determine the most effective duration of the muscle stretching 
protocol. Compliance is a key issue in any intervention programme, with poor compliance 
having a negative effect on the outcome of an intervention.33 We took steps to monitor, and 
if necessary improve, therapy compliance. First, we provided participants with extensive 
information and explanations, as this has been shown to be important for compliance.34 Also, 
participants in both groups received an e-mail half way through the study, asking them whether 
they followed the advice and exercises and whether they had any questions.
There are several risk factors for bruxism, such as lifestyle factors and psychological 
factors.35,36 To limit the impact of these factors, participants were instructed to live as they 
normally would (with the exception of the sleep hygiene advice). They also kept a diary during 
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the nights polysomnography recordings were made. The pattern was quite consistent, i.e. there 
were no major differences throughout the day. Participants did not report health problems or 
stressful events.
Sleep hygiene advice describes the conditions and practices that promote continuous and 
effective sleep37, and is in daily practice frequently used as part of standard care for SB. It is 
effective, resulting in better sleep in patients suffering from primary insomnia.38 Better sleep 
means that more time is spent in the deeper sleep stages. As bruxism mainly occurs in the 
lighter sleep stages and in relation to arousal,6 one would expect that sleep hygiene would 
reduce bruxism events. Only one study is available that investigated the effect of sleep hygiene 
advice on SB. Valiente López et al. 25 made one polysomnography recording before and one 
after a 4-week intervention. Unfortunately, sleep hygiene advice plus progressive relaxation did 
not significantly affect SB. This present study confirmed the findings of this previous research.
Despite the promising results of muscle stretching on muscle-related outcomes reported in 
the literature and in physiotherapy practice, the results of this RCT showed the opposite. In 
both groups, bruxism outcome measures increased after the 10-day intervention period. The 
fact that study participants were community dwelling individuals and not patients might have 
affected outcomes. The effects of stretching exercises on bruxism events in patients remain 
to be determined. The trend towards more bruxism bursts and episodes per hour sleep in 
both groups might be because of a placebo affect due to the attention that the participants 
received during the study. Attention might change neural pathways in the brain, influencing 
oral behaviours.39 Moreover, participants in both groups were more aware of bruxism activity 
because they received sleep hygiene advice and/or the stretching exercises. It is also possible 
that the 10-day study period was too short to see significant differences. For example, in daily 
physiotherapy practice with patients, the level of pain or muscle tension may initially increase 
for a short time, before decreasing as a result of a more long-term therapeutic effect. This 
may be because of the above-mentioned placebo effect and the protective function of the 
central nervous system, to prevent further damage. The latter is often seen as a reaction to 
muscle interventions. Pain and muscle activity can first increase, before decreasing at a later 
stage. Additionally, the duration of the stretching exercise, the number of repetitions, and 
type of stretching may affect the therapeutic effect on bruxism. Stretching too intensively (i.e. 
too forcefully) could lead to overstretching and therefore microtrauma of the muscle fibres.40 
Muscle damage might in turn lead to increased muscle activity due to a protective reaction. 
It is possible that the participants performed the exercises too forcefully. Further research is 
warranted to establish the effects of the duration of the stretching exercise, the number of 
repetitions, and type of stretching.
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In conclusion, static stretching of the masticatory muscles led to a minor increase in SB 
episodes (not significant) and bursts (significant). It also led to a significant increase in active 
pain-free mouth opening and masticatory muscle pain threshold. However, these differences 
are not considered clinical relevant. Therefore, masticatory muscle stretching was not effective 
in reducing SB in the absence of pain and/or dysfunction.
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Coherence of jaw and neck muscle activity during sleep 
bruxism
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ABSTRACT
Background: Studies have shown co-contraction of jaw and neck muscles in healthy subjects 
during (sub)maximum voluntary jaw-clenching, indicating functional interrelation between 
these muscles during awake bruxism. So far, neither co-contraction nor coherence of jaw and 
neck muscles has been evaluated during sleep bruxism. 
Objective: The objective of this study is to evaluate the coherence between jaw and neck muscle 
activity during sleep bruxism.
Design: Cross-sectional observational design.
Methods: Electromyographic activity of jaw (masseter, temporalis) and neck (sternocleidomastoid, 
trapezius) muscles in individuals with ‘definite’ sleep bruxism was measured using ambulatory 
polysomnography (PSG). Coherence for masseter-temporalis, masseter-sternocleidomastoid 
and masseter-trapezius was measured during phasic and mixed rhythmic masticatory muscle 
activity episodes using coherence-analysing software. Outcome measures were: presence or 
absence of significant coherence per episode (in percentages), frequency of peak coherence 
(FPC) per episode, and sleep stage.
Results: 632 episodes within 16 PSGs were analysed. Significant coherence was found between 
the jaw and neck muscles in 84.9% of the episodes. FPCs of masseter-temporalis were 
significantly positively correlated with those of masseter-sternocleidomastoid or masseter-
trapezius (P<0.001). Sleep stages did not significantly influence coherence of these muscular 
couples.
Limitations: The most notable limitation of this study is the exclusion of tonic masticatory 
muscle activity out of the coherence analysis.
Conclusion: During sleep bruxism, jaw and neck muscle activation is significantly coherent. 
Coherence occurs independently of sleep stage. These results support the hypothesis of 
bruxism being a centrally regulated phenomenon.
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INTRODUCTION
Sleep bruxism (SB), a repetitive masticatory muscle activity during sleep1, is a common 
condition in the general adult population, with an estimated prevalence of 7.4-12.8%2. It can 
lead to several symptoms, such as tooth wear and pain or dysfunction of the masticatory 
system3. 
SB has been increasingly associated with central instead of peripheral mechanisms4. Voluntary 
rhythmic masticatory activity, like mastication, is controlled by a central pattern generator 
(CPG) in the brainstem5,6. During mastication, this rhythmic opening and closing of the jaw is 
well coordinated by masticatory as well as neck muscles7-9. During sleep, similar rhythmic 
masticatory muscle activity (RMMA) can be seen in healthy subjects as part of normal sleep 
microarousals10, but with higher prevalence in patients with SB11. RMMA can be divided into 
phasic activity (such as tooth grinding), tonic activity (such as clenching) and mixed activity 
(combination of phasic and tonic), and could be influenced in frequency, duration and intensity 
by multiple endogenous and exogenous factors, such as psychological and lifestyle factors, or 
multimorbidity10. This is in line with the multifactorial aetiology of SB4,5. The current hypothesis 
is that a central generator, or a common circuit, in the brainstem is responsible for the 
control of jaw and neck muscles12. Taking into consideration this generator model, it can be 
expected that jaw and neck muscle activity during an RMMA episode in SB has a high level of 
intermuscular coherence. 
For voluntary biting tasks, the co-contraction of masticatory and neck muscles has already 
been studied. Several researchers have concluded that there is low to moderate co-contraction 
of the masticatory and neck muscles during (sub)maximum voluntary clenching (MVC) in 
healthy subjects.13-15 This co-contraction is seen in different body positions14, during different 
bite forces13, and during the chewing of test foods of different sizes and textures15.
Muscle co-contraction, a phenomenon in which a muscle is activated co-ordinately with another 
muscle, is purely observational and therefore does not imply a common generator per se. A 
more accurate analysis for detecting a common generator would be to perform coherence 
analysis of the electromyography (EMG) between different muscles16. Coherence analysis 
examines the relationship of two signals in the frequency domain and is useful in oscillatory 
coupling of motor elements7, such as muscle activities during phasic episodes and phasic 
parts of mixed episodes in SB. So far, neither co-contraction nor coherence of masticatory and 
neck muscles during SB events has been studied.
Against this background, the study reported on here aimed to investigate the coherence 
between masticatory muscles and neck muscles during SB and to further explore the concept 
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of bruxism as a centrally regulated phenomenon. We hypothesised that jaw and neck muscle 
activity during RMMA episodes in SB is significantly coherent.
METHODS
Study design
The study was designed as a cross-sectional observational study of bruxism episodes extracted 
from the polysomnography (PSG) recordings of individuals with ‘definite’ SB as defined by 
Lobbezoo et al.8. 
Study population
The PSG recordings of eight individuals of at least 18 years of age without symptoms such 
as orofacial pain or temporomandibular dysfunction were selected. PSG recordings that did 
not met the SB criteria for ‘definite’ bruxism8 were eliminated. Individuals with neurological, 
psychiatric or systemic disorders; participants using medication with a described influence on 
sleep structure or SB; and those receiving treatment for bruxism or its consequences, including 
occlusal splint therapy, were excluded. Participants were recruited through advertisements 
and announcements at the Universities and University Medical Centres of Utrecht and 
Amersfoort and in the waiting rooms of several general practitioners, dentists and physical 
therapists. All participants signed an informed consent. Data was collected during a one-
and-a-half year period. The study was conducted in accordance with the Helsinki guidelines 
and the STROBE guidelines and was independently reviewed and approved by the local ethics 
committee (NL46301.091.13).
Polysomnography
Polysomnography (PSG), which consists of electroencephalography (EEG), electrooculography 
(EOG) and EMG, is considered the gold standard in the diagnostics of SB17. All PSG recordings 
were executed ambulatory without audio- and video registration at the participants’ homes. 
EEG, EOG and EMG channels were used in accordance with the recommendations of the 
American Association of Sleep Medicine (AASM)18. EEG electrode position was determined in 
line with the International 10-20 System19. EMG signals of the jaw and neck muscles were 
recorded using surface EMG electrodes (reusable gold cup electrodes, Embla, USA). A total of 16 
electrodes were positioned bilaterally on the masseter, anterior temporal, sternocleidomastoid 
and superior trapezius muscles. The electrodes were connected to the Embla® titanium 
(Embla Systems, USA), a wireless 34-channel amplifier. Each EMG signal was recorded at 256 
Hz and was adequately filtered (hardware; 50 Hz notch; 3 Hz high pass; 100 Hz low pass). 
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Data analysis
The PSG recordings were assessed in RemLogic-E™ (Embla, Thornton, CO) by an experienced 
independent sleep technician. First, the EEG, EOG and EMG recordings of the masticatory 
muscles were visually assessed for artefacts. If no accurate visual evaluation was possible 
due to artefacts or noise, a recording was excluded. In the recordings that were included, 
sleep stages were marked on the EEG and EOG traces18,20,21. Subsequently, the SB bursts and 
episodes were marked on EMG traces of masseter and temporal muscles. This marking was 
based on established scoring criteria for SB22 (Table 1). Secondly, SB was labelled as ‘definite’ 
SB when the diagnostic criteria22-24 (>4 bruxism episodes per hour of sleep or >25 bruxism 
bursts per hour of sleep) were met. 
Table 1. Scoring criteria for sleep bruxim according to AASM (2001)18
-  The amplitude of the EMG activity must be at least twice the amplitude of the background muscle 
activity.
-  Burst: Increase in muscle activity of masseter or temporalis muscle with a duration of 0.25 to 2 seconds.
-  Episode: At least three consecutive bursts or one burst with a minimum duration of > 2 seconds.
-  A minimum of 3 seconds of stable muscle activity must be recorded before a new episode of bursts may 
be counted.
Next, the EMG traces of the neck muscles were evaluated for artefacts. The registrations were 
excluded in the case of a corrupt file, in the case of early termination of the registration or 
where the registration contained a large amount of noise during visual assessment. 
Subsequently, to the episodes of masticatory muscle activity additional criteria were applied 
in order to detect the episodes that qualified for coherence analysis. First, tonic episodes 
were excluded because coherence can only be analysed for rhythmic muscle activity. Second, 
episodes that were longer than 25 seconds, which meant that they exceeded the coherence 
analysis window length, were excluded. A fixed window length was determined in order to 
include only windows of standardized length. The window length was set at 25 seconds as 
approximately 95% of the SB episodes were less than or equal to 25 seconds. If two episodes 
were positioned within the same window length of 25 seconds, the first episode was excluded.
For the final sample of episodes, coherence was analysed for six jaw-neck muscle couples: 
masseter-temporalis, masseter-sternocleidomastoid and masseter-trapezius for both left and 
right. The used coherence analysis estimates the power of a signal at different frequencies and 
is based on the concept of converting a signal from the time domain to the frequency domain25. 
The current programs used to estimate coherence require long-term rhythmic activities, such 
as those present in tremors or chewing movements9,16,26. However, bruxism involves short-term 
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episodes that alternate uncontrollably in the form of tonic, phasic and/or mixed activation27. For 
this reason, a modified analysis program for coherence analysis of phasic and mixed episodes 
during SB based in the widely used Welch’s method25 was prepared by the Department of 
Neurology of the Radboudumc and used in the present study. A description of the algorithm 
can be found in Supplementary 4. 
Statistical analysis
The sample size is determined based on the number of RMMA-episodes used in previous co-
activation studies of the masticatory and neck muscles and set at 50 episodes13-15. 
The significance threshold for the level of coherence was determined by our coherence-
analysing program with the following formula:
R = 1 – (1 – α)1/(K −1)= R = 1 – (1 – 0.95)1/(5 −1)= 1 – (0.05)1/4 = 0.53 
with α displaying the detection threshold (α = 0.95) and K the number of fragments used for 
the coherence estimation. K is set at 5 to divide each 25-second window into 5 fragments of 5 
seconds.
Any coherence value of below 0.53 is considered not significant and is denoted as 0; significant 
coherence values are indicated as 1. The FPC of coherent episodes was then calculated. This 
is the frequency where the coherence is at its peak. If several FPCs exceed the significance 
threshold, the highest FPC value is noted (Figure 1). 
Pearson correlation coefficients were used to express the correlation between the FPCs of 
masseter-temporalis and the FPCs of masseter-sternocleidomastoid or masseter-trapezius. 
Analyses were performed using the IBM SPSS Statistics software (version 24.0).
When comparing the difference in coherence between sleeping phases, it must be considered 
that data are collected in clusters; that is: eight people give data for one, two or three nights. 
This results in 16 clusters. Ignoring this would lead to an overestimate of the precision of the 
study, while comparing percentages. As a remedy we applied 1000-fold bootstrapping, with 
those clusters as sampling unit. After that, 95% confidence intervals were created by looking at 
the 2.5 and 97.5 percentiles of the bootstrapped differences in percentages. The bootstrapping 
was achieved using R software, version 3.4.0. 
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Figure 1. Example of a coherence chart of one episode of the jaw-neck muscle couple masseter-
sternocleidomastoid left. The degree of coherence is plotted against the frequency in Hz. In this example, 
there is significant coherence with a frequency peak of 1.58 Hz.
RESULTS
A total of 32 PSG recordings of 8 participants (4 male and 4 female, mean age (SD) 35.9 (7.4) 
years) with ‘definite’ SB were obtained. Because of artefacts, 16 PSG recordings were excluded. 
A total of 632 bruxism episodes qualified for coherence analysis. 
Coherence rates per muscular couple
Significant coherence was found in 88.7% of the examined episodes of all included PSGs 
and all three muscular couples, ie, masseter-temporalis, masseter-sternocleidomastoid 
and masseter-trapezius. Focussing on the episodes of the jaw-neck muscular couples, ie, 
masseter-sternocleidomastoid and masseter-trapezius, a significant coherence of 84.9% was 
found. Table 2 shows the percentages of episodes with significant coherence, per participant, 
per night and per left and right muscular couple. The mean percentage for masseter-temporalis 
CHAPTER 5
94
left and right was 95.8% (ranging from 74.2% to 100%), for masseter-sternocleidomastoid left 
and right 85.9% (ranging from 52.5% to 100%) and for masseter-trapezius left and right 81.8% 
(ranging from 39.6% to 100%).
Table 2. Significant coherence rates per participant, per night, per left and right muscular couple, and in total
Epi MTP left MSCM left MTZ left MTP right MSCM right MTZ right Total
P1N1 21 100.0% 95.2% 90.5% 76.2% 57.1% 61.9% 80.2%
P1N2 31 100.0% 87.1% 80.6% 74.2% 64.5% 67.7% 79.0%
P1N3 23 100.0% 95.7% 73.9% 82.6% 82.6% 82.6% 86.2%
Total P1 75 100.0% 92.0% 81.3% 77.3% 68.0% 70.7% 81.6%
P2N1 30 100.0% 100.0% 100.0% 100.0% 86.7% 83.3% 95.0%
P2N2 38 100.0% 97.4% 84.2% 97.4% 86.8% 71.1% 89.5%
P2N3 44 100.0% 95.5% 86.4% 97.7% 72.7% 84.1% 89.4%
Total P2 112 100.0% 97.3% 89.3% 98.2% 81.3% 79.5% 90.9%
P3N1 45 100.0% 97.8% 75.6% 95.6% 95.6% 95.6% 93.3%
P4N1 53 100.0% 96.2% 54.7% 90.6% 88.7% 88.7% 86.5%
P4N2 48 100.0% 89.6% 39.6% 95.8% 77.1% 89.6% 82.0%
Total P4 101 100.0% 93.1% 47.5% 93.1% 83.2% 89.1% 84.3%
P5N1 27 100.0% 81.5% 63.0% 92.6% 77.8% 81.5% 82.7%
P5N2 21 100.0% 66.7% 61.9% 85.7% 61.9% 81.0% 76.2%
Total P5 48 100.0% 75.0% 62.5% 89.6% 70.8% 81.3% 79.9%
P6N1 53 100.0% 96.2% 100.0% 96.2% 94.3% 92.5% 96.5%
P6N2 53 100.0% 100.0% 98.1% 98.1% 92.5% 92.5% 96.9%
Total P6 106 100.0% 98.1% 99.1% 97.2% 92.5% 92.5% 96.5%
P7N1 40 100.0% 97.5% 97.5% 92.5% 52.5% 82.5% 87.1%
P7N2 54 100.0% 100.0% 96.3% 90.7% 74.1% 83.3% 90.7%
Total P7 94 100.0% 98.9% 96.8% 91.5% 64.9% 83.0% 89.2%
P8N1 51 100.0% 100.0% 84.3% 100.0% 88.2% 92.2% 94.1%
Total 632 100% 94.0% 79.5% 92.8% 80.5% 85.5% 88.7%
Total (excl. MTP) 94.0% 79.5% 80.5% 85.5% 84.9%
SD 0.0% 8.2% 17.4% 7.2% 11.5% 8.3% 5.6%
Epi = number of episodes; MTP = masseter-temporalis couple; MSCM = masseter-sternocleidomastoid 
couple; MTZ = masseter-trapezius couple; P = participant; N = recording night
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Frequency of peak coherence (FPC)
The FPC median of all muscular couples in total was 1.21 Hz, or 72.6 per minute. The FPC 
median per muscular couple is displayed in Table 3. A significant positive correlation (r = 
0.203, p < 0.001) was found between the FPCs of masseter-temporalis and FPCs of masseter-
sternocleidomastoid. Also, the correlation between the FPCs of masseter-temporalis and 
FPCs of masseter-trapezius was found to be significant (r = 0.288, p<0.001). 
Table 3. FPC median in Hz per muscular couple
MTP left MSCM left MTZ left MTP right MSCM right MTZ right Total
Total 1.10 1.18 1.21 1.26 1.21 1.24 1.21
Total (excl. MTP) 1.18 1.21 1.21 1.24 1.21
MTP = masseter-temporalis couple; MSCM = masseter-sternocleidomastoid couple; MTZ = masseter-
trapezius couple 
Coherence per sleep stage comparison
In Table 4 the means and 95% confidence interval (CI) of the differences in coherence per sleep 
stage are shown. For example, the difference in coherence percentage between masseter and 
sternocleidomastoid muscle, when comparing REM sleep and sleep stage 1, is -2.4 [-7.0, 2.2]. 
In only 4 of the 42 comparisons the 95% CI does not include the null value and were therefore 
statistically significant. 
DISCUSSION
To our knowledge, the present study is the first to evaluate coherence between the masticatory 
and neck muscles during SB. Our main finding is significant coherence between masticatory 
and neck muscle activity in 84.9% of all examined SB episodes. Furthermore, we showed that 
there was a significant correlation between the FPCs of masticatory and neck muscle couples. 
No significant correlation between sleep stage and coherence of the muscular couples was 
found. 
Coherence between masticatory muscles and neck muscles
As expected, the masseter-temporalis couple achieved a high degree of coherence (95.8%), 
because these muscles activate simultaneously during jaw activities such as mastication28. 
A noteworthy result was the difference in coherence between the muscular couples left and 
right, particularly for masseter-temporalis (left 100.0% and right 91.6%) and even more for 
masseter-sternocleidomastoid (left 94.5% and right 78.3%). The authors could not explain this 
difference. 
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The FPC median of all muscular couples was 1.2 Hz. This means that the mean frequency 
of all episodes was at 1.2 Hz, which is consistent with the frequency of RMMA29. Although 
weak, the degree of correlation of the FPC of masseter-temporalis with those of masseter-
sternocleidomastoid and masseter-trapezius respectively was found to be significant. This 
means that an increase of the FPC of masseter-temporalis is related to a proportional increase 
of the FPCs of masseter-sternocleidomastoid and masseter-trapezius, and vice versa. This 
correlation corroborates the concept of a central regulation of SB. Bruxism is considered as 
an important phenomenon in physical therapy, but it might not be restricted to the masticatory 
system. It could be that areas beyond the masticatory muscles, such as the neck muscles, 
are also influenced by the same CPG or have a common higher central regulatory circuit. 
Also, in line with RMMA as part of sleep-arousal activity30,31, it is plausible that sleep arousals 
‘excite’ multiple systems, not solely the bruxism generator. This indicates that sleep bruxism 
is not a pathophysiological entity by itself, but rather one of the consequences of complex 
neurophysiological interactions within the central nervous system.
Although this present study used muscle coherence as outcome measure, studies using 
muscle co-activation as outcome measure support the current findings on masticatory 
and neck muscles9,13-15. However, several methodological issues make the current findings 
not directly comparable with these co-activation studies. We evaluated SB while in other 
studies only (sub)maximum voluntary clenching/biting tasks were examined. These tasks are 
performed mostly with tonic muscle activation, while in the present study rhythmic muscle 
activation was evaluated. To our knowledge, this study is the first to analyse coherence. In our 
study coherence occurred independently of the sleep stage.
Methodological considerations
A strong features of this study was the large number of bruxism episodes analysed (in total 
632). This provided sufficient power for data analysis at the episode level, in line with our 
research aim. Furthermore, ambulatory PSG provided the opportunity to measure participants 
in their natural sleep environment. Because no audio or video data were collected, there might 
be a risk of overestimation of the number of SB events8. Nevertheless, the diagnostic accuracy 
of ambulant PSG to detect ‘definite’ SB without such input is considered good23,24. 
The use of a modified algorithm for coherence analysis of two signals leads to several technical 
restrictions. This algorithm uses a new application of an existing method in the time-frequency 
domain, the Welch’s method25. By changing the domain, the restrictions on the short episode 
length are solved. The correlation between signals is estimated on the basis of a time-frequency 
domain. In previous studies, the time-frequency domain was used for automatic detection of 
RMMA32 and for evaluation of RMMA in natural chewing and during sleep26. With the modified 
algorithm, coherence can be estimated for the first time for phasic and mixed RMMA episodes 
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during SB. In order to use the algorithm for the present study, several additional selection 
criteria had to be considered. Especially the window length is important for the significance 
threshold and therefore the FPC, the determination of this length was crucial for the results of 
this study. A window length of 25 seconds was determined by the finding that about 95% of the 
SB episodes had a length of less than or equal to 25 seconds. 
Some traces of the sternocleidomastoid and trapezius muscle in some PSG recordings showed 
noise that reflected electro cardiac activity. The inclusion of a heart rate frequency noise in a 
few of the sternocleidomastoid and trapezius EMG recordings might have influenced outcomes 
of coherence analysis, however most probably by underestimating rather than overestimating 
the high coherence found in our study, because the noise was only seen on neck muscle EMG 
and not jaw muscle EMG.
Clinical relevance
There is a tendency in clinical practice involving orofacial complaints to examine the upper body 
quadrant as a total neuromusculoskeletal system instead of examining single systems, such 
as the jaw or the neck. The anatomical, physiological and biomechanical association between 
the musculoskeletal system of the head, neck and shoulder region, or the cranio-cervical-
mandibular system, has already been studied extensively in the awake state33,34. The confirmed 
coherence between masticatory and neck muscles during SB corroborates the concept of a 
broader neuromuscular interaction. The high coherence rate might be related to the frequent 
observation of comorbid musculoskeletal jaw and neck complaints35. However, the relationship 
between bruxism and myofascial temporomandibular pain is still under debate.36,37 Moreover, 
EMG is a measure of muscle activity, not of muscle force. Since voluntary submaximal clenching 
performed in the contraction range, as may be expected during actual jaw clenching11,38, leads 
only to very low-level co-activation (ca. 2-14% MVC) of the neck muscles39, it is not plausible 
that masticatory muscle activity during SB alone will lead to painful overloading of the neck 
muscles. However, it is well established in occupational physiology that repetitive, long-
lasting, low-intensity muscle loading, which selectively and continuously activates small type 
I motor units (Cinderella hypothesis), may lead to muscle pain due to metabolic exhaustion 
and damage of single motor units40. It is conceivable that a similar mechanism may also occur 
within masticatory muscles of patients during repetitive motor activity, such as bruxism. 
Moreover, in the presence of pain, several other factors are involved with consequences for 
sensorimotor functions, such as increased muscle activity and altered coordination, of the 
masticatory and cervical region35,41,42. Central pain mechanisms, such as central sensitisation, 
may also be involved in comorbid masticatory and craniocervical pain43.
For further research on coherence between masticatory and neck muscles during SB, two 
recommendations can be made. First, from a methodological perspective, additional audio and 
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video registration as well as sleep position registration could improve the diagnostic accuracy 
of SB episodes. Possible influence of head or body movements, activation of other muscles and 
sleep position could be evaluated and non-bruxism-related episodes (such as swallowing or 
coughing) could be excluded. Secondly, from a pathophysiological perspective, the coherence 
between masticatory and neck muscles during SB could be evaluated in a study population of 
pain patients. The presence of pain could influence the sensorimotor system and thereby affect 
coherence. Further investigation may give insight into the interaction between pain, bruxism 
and sleep in the cranio-cervical-mandibular system.
In conclusion, the present study confirms the hypothesis that during SB episodes coherent 
muscle activation of jaw and neck muscles is present. Coherence occurs independently of 
sleep stage. This study emphasizes the need to examine the upper body quadrant as a total 
neuromusculoskeletal system instead of examining single systems. Moreover, it supports the 
current concept of bruxism as a centrally regulated phenomenon. 
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CHAPTER 6
Association between self-reported bruxism 
and anger and frustration
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ABSTRACT
Background: Even though bruxism has been shown to be associated with several psychological 
factors, few studies have been performed on its relationships with anger and frustration.
Objective: This study aimed to determine the association between self-reported awake and 
sleep bruxism and anger and frustration.
Methods: In this longitudinal observational study, 55 healthy adult participants with ‘possible’ 
bruxism reported their experienced level of bruxism and several psychosocial factors and 
lifestyle factors for 28 consecutive days using a personal logbook. The logbook consisted of a 
daily diary and a weekly questionnaire composed of Dutch versions of validated questionnaires. 
The primary outcome data was analyzed using multiple regression models.
Results: An increase in sleep bruxism of 1 unit (on a scale ranging from 1 to 10) was associated 
with an increase in the anger-scale of 0.03 units, and the frustration-scale of 0.04 units. 
However, the random intercepts were 0.22 for anger and 0.19 for frustration, meaning that 
there were major differences between individuals. For awake bruxism, the effects were an 
increase of 0.04 for anger with a random intercept of 0.21 and an increase of 0.03 for frustration 
with a random intercept of 0.06. The effects of anger and frustration on both sleep and awake 
bruxism were not statistically significant. 
Conclusion: The association between anger and frustration and self-reported bruxism is small 
on group level. In individual cases anger and frustration and self-reported bruxism may be 
co-existent.
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BACKGROUND
Bruxism, defined as “a repetitive masticatory muscle activity characterized by clenching 
and/or grinding of the teeth and/or by bracing or thrusting of the mandible”1, is a common 
clinical phenomenon in the general adult population.2 On the basis of circadian manifestations, 
a distinction has been made between sleep bruxism (during sleep, SB) and awake bruxism 
(during wakefulness, AB).1 It can be accompanied by negative side effects, such as dental 
problems, pain and dysfunction of the musculoskeletal system.3 The etiology is currently 
labelled as multifactorial and one in which central factors appear to play a key role.4 Among 
these factors are biological factors (such as sleep structure and repetitive sleep arousals)5, 
lifestyle factors (such as use of nicotine, alcohol or party drugs)5 and psychological factors, 
which include emotions such as stress and anxiety6-8. 
According to the American Psychological Association (APA), an emotion is “a complex pattern 
of changes, including physiological arousal, feelings, cognitive processes, and behavioural 
reactions, made in response to a situation perceived to be personally significant”.9 The emotions 
most commonly associated with bruxism are stress and anxiety. Whether bruxism is linked 
to other emotions, such as anger and frustration, has been less often studied. Despite the 
vast interest in emotions in scientific research, it is remarkable that a single uniform, globally 
accepted classification of emotions is missing. Different studies present different definitions 
and classifications of emotions. Anger and frustration are very similar psychological constructs 
and are described as strong feelings of displeasure or annoyance and often of active opposition 
to provocation, hurt or threat.10 It can be expected that individuals who are angry or frustrated 
are also more prone to be stressed. This raises the question as to whether these emotions are 
different constructs or whether there is a common underlying mechanism. 
Clinical studies have shown some association between bruxism and self-reported psychological 
stress, with odds ratios of 1.3–2.5.6-8,11,12 These studies confirm a stronger association of AB 
with stress compared to SB. Some studies report significant correlations for self-reported 
work-related stress and self-reported SB.13,14 Other studies report associations between self-
reported bruxism and anxiety, with odds ratios (at 1.3–2.2) that are comparable with those for 
stress and bruxism.7,11,12 For SB, a correlation has been found with the anxiety trait, which is a 
consistent personality attribute, but not with the anxiety state, which is a temporary emotional 
state that everyone experiences.15 
To our knowledge, so far, only a few studies have examined the relationship between anger 
and bruxism.8,15-17 Three of these studies8,15,16 were designed as cross-sectional studies and 
therefore are not suitable for detecting changes, and causality, over a period of time. The only 
longitudinal study evaluating the correlation between SB, measured with an intraoral pressure 
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sensor, and anger included only 12 subjects.17 A detailed search of relevant literature revealed 
only one (dated) study18 on the link between frustration and bruxism, finding no correlation. 
However, the experience of the authors in both daily practice and daily life is that anger and 
frustration can lead to clenching and grinding of the teeth.
In short, there is sufficient research available on the association between stress and anxiety on 
the one hand, and bruxism on the other, to suggest that both of these psychological factors play 
a role in the etiology of bruxism. Both clinical experience and studies on physical sensations of 
emotions19-21 raise the question of whether bruxism is associated with anger and frustration. 
However, studies regarding both anger and frustration are limited and contradictory. Moreover, 
the available studies are cross-sectional studies, with longitudinal data generally not being 
reported yet. Since the relation between emotions and physical reactions can be explained in 
multiple directions, a longitudinal study that maps changes in levels of bruxism and emotions 
over time could add clarity to the current results. For this reason, the present study aimed to 
investigate the association between self-reported SB and AB and anger and frustration in a 
longitudinal study design by means of a daily questionnaire. The authors hypothesised that 
there is an association between self-reported bruxism and anger and frustration in a subgroup 
of bruxers.
METHODS
Study population
A total of 55 adult participants (44 females, 11 males; age: 28.4 ± 12.1 years) with ‘possible’ 
AB and/or ‘possible’ SB1 were included. Potential participants were asked to complete a 
questionnaire to check whether they met any of the criteria for exclusion. Exclusion criteria 
were as follows: the presence of orofacial pain; the presence of neurological, psychiatric or 
malignant disorders; the use of an occlusal splint; an orthodontic treatment during the study 
period; use of medication with a known influence on self-reported bruxism; the use of party 
drugs; and having a toothache or a multi-step dental treatment during the study period. After 
inclusion, participants signed an informed consent. Data was collected in the period January 
2014–March 2016. The subjects were purposively recruited through advertisements and 
announcements on the Universities and University Medical Centres of Nijmegen and Utrecht 
and in waiting rooms of several general practitioners, dentists and physical therapists. 
Study design
The study was designed as a longitudinal observational study. The participants had to report 
their experienced level of bruxism and several psychosocial factors and lifestyle factors for a 
period of 28 consecutive days. 
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Questionnaires
The primary outcome measures were self-reported AB and SB, anger, and frustration. 
Additional outcome measures were psychological distress, anxiety, alcohol consumption, 
smoking habits, caffeine consumption, age and gender.
The participants had to complete a diary once a day. This daily diary consisted of the Numeric 
Rating Scales (NRS) for the experienced level of AB (in the daily-scored questionnaire defined 
as ‘clenching or grinding during wakefulness’) and SB (in the daily-scored questionnaire 
defined as ‘clenching or grinding during sleep’), distress, anxiety, anger and frustration. The 
diary also contained simple questions about the amount of alcohol, cigarettes and caffeine 
consumed (see Supplementary 3). The NRS is a Likert-type scale from 1 to 10 in which 1 
indicates ‘not at all’ and 10 ‘the most imaginable’. Participants also completed every week 
validated questionnaires which were used to check if the daily-scored items were reliable. 
The following Dutch versions of validated questionnaires were used: Perceived Stress Scale 
(PSS)22, Dutch version (ZBV) of State Trait Anxiety Inventory (STAI)23, Dutch version (ZECV) of 
State Trait Anger Expression Inventory (STAXI)24 and questions 1 and 2 of the ‘Alcohol Use 
Disorders Identification Test’ (AUDIT) of the World Health Organization (WHO)25. A validated 
questionnaire to determine frustration was not available at the time of the study. 
The PSS assesses the degree to which people perceive their lives as stressful and the Self-
Assessment Questionnaire (Dutch version of the shortened STAI) distinguishes two types 
of anxiety: state and trait anxiety. The Self-Expression and Control Scale (Dutch version of 
the STAXI)26 evaluates the role of anger expression and anger control in somatic and mental 
diseases, with subscales of internalization/externalization of anger and control of the 
internalization/externalization of anger. The Dutch versions of PSS, STAI and STAXI have been 
validated previously. The AUDIT questionnaire consists of 10 questions on alcohol consumption, 
of which we used the first two questions for our study: “How often do you have a drink containing 
alcohol?” and “How many drinks containing alcohol do you have on a typical day when you are 
drinking?”. 
The following definitions were used in the present study. Anxiety was defined as a feeling of 
fear, insecurity or uncertainty.9 Stress was described as a feeling of strain and pressure27, but 
also as “the pattern of specific and nonspecific responses an organism makes to stimulus events 
that disturb its equilibrium and tax or exceed its ability to cope”.10 Anger, or hostility, was defined 
as a moderate form of rage that can arise from frustration. Anger can express itself in words 
(screaming, shouting) or in acts of physical violence (hitting, kicking). Frustration was labelled as 
a feeling of disappointment or perceived resistance to the fulfilment of will or a goal.27 
All questionnaires were compiled in a personal logbook provided by the principal investigator. 
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Statistical analysis
The sample size is determined based on the number of variables in the analysing model, with 
an minimum of 10 participants per variable. Using four primary outcome measures (AB, SB, 
anger, frustration), the sample size was calculated at 40 participants. 
The correlation between the different emotions (distress, anxiety, anger, frustration) was 
analysed by the Pearson correlation coefficient. 
The validation of the daily-scored numeric rating scores (1-10) for psychological distress, 
anxiety, and anger was analysed using the weekly-scored validated questionnaires. Pearson 
correlation was used for the analysis of the association between the weekly collected data 
from the long questionnaire and the weekly averages of the daily collected data of the short 
questionnaire. 
The association between self-reported bruxism, and anger and frustration was analysed by 
a multilevel regression model with random intercept and slopes. Random intercepts were 
always applied, random slopes only if the improved the fit of the model. A multilevel regression 
model is an approach for modelling the relationship between a dependent variable (in this 
study the self-reported bruxism) and explanatory variables (in this study the emotions and 
lifestyle factors). This method allows the researcher to include variables already associated 
with bruxism (either as risk factors or as strengthening factors) to minimize the presence of 
confounding. As already mentioned psychological stress and anxiety, several lifestyle factors, 
and various pharmacologic drugs are described to be associated with bruxism. Therefore, all 
these factors were either excluded prior to the study or included in the multivariate linear 
regression analysis. We have also calculated the effects of age and gender, but none of these 
characteristics improved the model. The associations were calculated separately for SB and 
AB in relation to anger and frustration. 
RESULTS
The relevant characteristics of the participants are shown in Table 1, there were no dropouts. 
The variable SB is based on a total of 1506 observations; the variable AB is based on a total of 
1478 observations. 
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Table 1. Patient characteristics and relevant descriptives of the study population
CHARACTERISTIC
Gender (female : male) 44 : 11
Mean age ± SD  (in years) 27.87 ± 11.49
VARIABLE (MEAN ± SD)
Self-reported SB† 4.58 ± 2.34
Self-reported AB† 5.15 ± 3.01
Distress† 3.15 ± 2.20
Anxiety† 1.99 ± 1.72
Anger† 1.91 ± 1.69
Frustration† 2.63 ± 2.04
Alcohol use‡ 0.82 ± 1.84
Cigarette use‡ 0.21 ± 1.41
SB = sleep bruxism, i.e. self-reported clenching or grinding during sleep; AB = awake bruxism, i.e. self-
reported clenching or grinding during wakefulness; † Measured on a numeric rating scale from 1 to 10; ‡ 
Number of glasses/cigarettes per day
Figure 1 illustrates the correlations between the different emotions as assessed in this study. 
The highest correlation coefficient was found between anger and frustration (r = 0.58); the 
lowest was seen for the correlation between anxiety and anger (0.19). All correlations were 
significant (P < 0.001).
Significant positive correlations between the weekly-scored questionnaires and the daily-scored 
rating scales were found for all variables except for some aspects of anger (externalization, 
control of internalization, and control of externalization) (Table 2). 
Figure 1. Pearson correlation coefficients amongst the emotions stress, anger, anxiety, and frustration; 
all correlations P < 0.001
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Table 3. Effects of the emotions anger, frustration, anxiety, and stress and the lifestyle factors number of 
glasses alcohol, number of cigarettes, and minutes of sleep on self-reported SB
FIXED EFFECTS RANDOM EFFECTS
95% CI 95% CI
ESTIMATE P 2.5% 97.5% SD P 2.5% 97.5%
(Intercept) 3.84 <0.001 1.73 2.62
PSYCHOSOCIAL
Anger 0.03 0.506 -0.07 0.13 0.22 <0.001 0.21 0.21
Frustration 0.04 0.302 -0.04 0.13 0.19 <0.001 0.10 0.27
Anxiety 0.10 0.079 -0.01 0.20 0.25 <0.001 0.12 0.39
Stress 0.15 <0.001 0.08 0.22 0.14 0.016 0.02 0.23
LIFESTYLE
Alcohol 0.01 0.592 -0.04 0.06
Cigarettes 0.14 0.007 0.04 0.24
Amount of sleep -0.02 0.456 -0.07 0.03
SB = sleep bruxism
Table 4. Effects of the emotions anger, frustration, anxiety, and stress and the lifestyle factors number of 
glasses alcohol, number of cigarettes, and minutes of sleep on self-reported AB
FIXED EFFECTS RANDOM EFFECTS
95% CI 95% CI
ESTIMATE P 2.5% 97.5% SD P 2.5% 97.5%
(Intercept) 2.23 <0.001 1.60 2.86 1.78 <0.001 1.44 2.17
PSYCHOSOCIAL
Anger 0.04 0.434 -0.05 0.13 0.21 <0.001 0.19 0.29
Frustration 0.03 0.331 -0.03 0.08 0.06 <0.001 0.05 0.06
Anxiety 0.15 0.002 0.05 0.24 0.19 <0.001 0.18 0.18
Stress 0.26 <0.001 0.19 0.33 0.19 <0.001 0.18 0.19
LIFESTYLE
Alcohol -0.00 0.859 -0.04 0.04
Cigarettes 0.06 0.173 -0.03 0.15
Amount of sleep 0.02 0.430 -0.03 0.06
AB = awake bruxism
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Table 2. Pearson correlation coefficients between the weekly-scored validated questionnaires PSS, ZBV, 
ZECV, and PSQI and the equivalent items in the daily-scored questionnaire
COMPARISON CORRELATION P
Stress (PSS) – daily level of stress 0.601* <0.001
Anxiety (ZBV) – daily level of anxiety 0.612* <0.001
Anger (ZECV) – daily level of anger
Internalization 0.495* <0.001
Externalization 0.092 0.504
Control of internalization 0.116 0.400
Control of externalization 0.033 0.808
Alcohol (WHO) – daily number of glasses alcohol 0.794* 0.000
PSS = Perceived Stress Scale; ZBV = Dutch version of State Trait Anxiety Inventory (STAI); ZECV = Dutch 
version of State Trait Anger Expression Inventory (STAXI); WHO = question 2 of the ‘Alcohol Use Disorders 
Identification Test’ of the WHO
* Correlation is significant at the 0.001 level (2-tailed)
Tables 3 and 4 show the effects of the various emotions on SB and AB. Adding the variables 
number of glasses alcohol, number of cigarettes and sleep time did not improve the statistical 
model for the emotions and these variables were therefore intentionally omitted from this 
model. Increasing SB by 1 unit had the effect of increasing the anger-scale by 0.03 units, while 
the increase shown on the frustration-scale was 0.04 units (Table 3). Thus, the overall effect of 
anger and frustration on bruxism is small. However, this effect appeared to vary substantially 
amongst individual participants. The random intercepts are 0.22 for anger and 0.19 for 
frustration. This suggests that for some subjects anger has a major effect on SB; viz. 0.44 (two 
times the SD) more SB. For AB, the effects were 0.04 for anger, with a random intercept of 0.21, 
and 0.03 for frustration, with a random intercept of 0.06 (Table 4). Despite these findings, only 
the effects of distress and smoking cigarettes on SB and the effects of anxiety and distress on 
AB were found to be statistically significant. 
Figure 2 presents an example of a good association over time between clenching during 
wakefulness and anger in one of the participants. The scores of this participant were chosen 
as they display a clear correlation between AB and anger.
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Figure 2. Example of a strong association between the self-reported scores for clenching during 
wakefulness and the self-reported scores for anger based on the daily questionnaire of a single subject 
(no. 33)
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DISCUSSION
This longitudinal observational study evaluated the association of self-reported AB and SB with 
anger and frustration in adults who were aware of bruxism activity. Only a few other studies 
have examined the relationship between anger and bruxism. Of these, two studies reported 
a link8,16, while the other two studies found no relationship between anger and bruxism15,17. 
Bayar et al.8 evaluated the prevalence of psychopathological symptoms in self-reported AB 
and SB patients by using a validated questionnaire. These authors showed significantly higher 
scores on anger-hostility for patients with both AB and SB compared to nonbruxers (people 
who are not aware of signs and symptoms of bruxism). Another study16 investigated the 
association between self-reported psychological and behavioural factors and SB, measured 
by electromyographic (EMG) activity, showing that anger-hostility was positively associated 
with the intensity of SB. Manfredini et al.15 evaluated the correlation between SB, measured 
by EMG-activity, and self-reported psychological symptoms in a group of healthy volunteers 
and found no relation of EMG-activity to state and trait anger. Watanabe et al.17 evaluated the 
correlation between SB, measured with an intraoral pressure sensor, and daily behaviours 
in a longitudinal design. They found no correlation between SB and anger at group level, and 
only in one subject at individual level. Only one (dated) study18 was found on the link between 
frustration and bruxism, finding no correlation. 
BRUXISM AND ANGER AND FRUSTRATION
115
6
Methodological considerations
We consider the longitudinal design as the strength of this study. A longitudinal design provides 
a trend over a period of time, whereas a cross-sectional design collects data at one specific 
moment and is therefore more susceptible to coincidence. 
Nevertheless, some methodological issues should be considered. The most salient limitation 
of this study is that the diagnosis of bruxism is based on self-reporting. A recently proposed 
diagnostic grading system distinguishes ‘possible’, ‘probable’ and ‘definite’ SB and AB1 
according to the diagnostic tools that are used. Polysomnography (PSG), or sleep examination, 
is considered to be the gold standard in SB diagnostics.28 The present study used ‘possible’ 
bruxism, which has been defined as self-reported bruxism using a questionnaire and/
or anamnesis. The correlation between self-reported and clinically based diagnoses, i.e. 
‘probable’ bruxism, is strong for awake clenching and low for SB.29 Although ‘probable’ bruxism 
is potentially more informative than ‘possible’ bruxism with minimal additional effort, research 
has shown that clinical findings such as tooth wear and tongue/cheek indentation are not 
exclusively related to bruxism.30 The present study used self-reported AB and SB in two ways: 
for the inclusion of study subjects and for the use of a longitudinal measurement method. 
For both purposes, the preferred tool is PSG or EMG (preferably combined with ecological 
momentary assessment31) because of its accuracy and ability to visualize fluctuations in the 
bruxism levels over time. However, PSG is time-consuming, expensive and requires specific 
training. The use of the clinical examination will limit the range of potential participants due 
to their required residence and travelling effort. Moreover, short-term differences in bruxism 
level cannot be measured using clinical examination. Therefore, we considered self-report as 
the most adequate measurement method for our present study. To reduce the bias in self-
report, the presence of orofacial pain was an exclusion criterion, since self-reported SB was 
known to be biased by the presence of myofascial temporomandibular disorders.32
In addition to the self-reported bruxism diagnosis, the detection of the emotions considered 
in the study was also based on self-reporting. A more objective outcome measure for anger 
and frustration would be the use of biomarkers, which are, however, nonspecific for emotional 
states. Thus, the use of questionnaires for the evaluation of anger and frustration was 
considered adequate because of the length of the questionnaires and the aspects measured. 
However, cognitive bias may have occurred in participants with the knowledge on the association 
between emotional factors and bruxism. Validation studies provide more detailed information 
about the validity and reliability of the PSS22, STAI23, STAXI24 and AUDIT25. 
This study may also have been limited by the way the principal investigator composed the 
purposive sample of participants. The subjects were recruited through advertisements and 
announcements. Most of the participants were students or employees of the university; they 
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were all highly educated individuals, intrinsically motivated to participate and possibly biased 
by foreknowledge about bruxism because of their dental background. The male to female ratio 
in this study differs from extensive epidemiological research2, but this has most likely not 
affected the results. There is no research that we know of that indicates differences in bruxism 
prevalence according to education, intelligence, income and gender.
The concept ‘emotions’
The concept ‘emotions’, despite extensive research, is still an unclear phenomenon with regard 
to the underlying mechanisms. The main theories on emotional constructs are described by 
James-Lange, Cannon-Bard, Schachter-Singer and, more recently, Ekman, and Plutchik, 
and can be grouped into three main categories: physiological, neurological and cognitive. 
Physiological theories, such as the James-Lange theory33 suggest that responses within 
the body, such as increased heart rate and increased muscle tension, are responsible for 
emotions. According to Cannon-Bard33, we experience emotions and physiological reactions 
simultaneously. Neurological theories propose that activity within the brain leads to emotional 
responses. Finally, cognitive theories, such as that of Schachter-Singer34, argue that thoughts 
and other mental activities play an essential role in forming emotions. Ekman35 studied 
emotions and their relation to facial expression, which led to an anatomically based system 
for describing all observable facial movement for every emotion. Plutchik36 considered eight 
primary emotions – anger, fear, sadness, disgust, surprise, anticipation, trust, and joy – each of 
which can trigger a behaviour with a high survival value, such as the way fear inspires the fight-
or-flight response, which, in turn, is associated with increased muscle tension.37 Taking note 
of the above theories, it is clear that anger and frustration are very similar psychological 
constructs. In this study, the effects of anger and frustration displayed in Tables 3 and 4 were 
found for situations where the effect of distress was constant. Because it can be expected that 
there is an overlap between distress and anger (or distress and frustration), part of the effect 
of distress may be anger. Figure 1 illustrates the correlations between the different emotions 
and, as expected by the researchers, the strongest correlation is found between anger 
and frustration. This outcome suggests that an individual who experiences anger will also 
experience distress and supports the hypothesis that anger and frustration are very similar 
psychological constructs. It thereby points to a possible difficulty for participants to score the 
daily items for anger and frustration adequately. 
Interpersonal differences
Although the results show no group-level correlation, major interpersonal differences were 
found. The individual differences in the association between self-reported bruxism and anger 
and frustration may result from general interpersonal differences, such as personality traits, 
physical expressions and coping styles, but also the perception of bruxism due to differences 
in body awareness. Although this has been barely reported in studies, it can be assumed that 
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studies on emotions indicate a high degree of interpersonal differences. A study on interpersonal 
differences reported that no overall relationship was established between EMG measures and 
self-reported stress.38 However, in that study correlations between EMG measures and self-
reported stress were statistically significant for eight individual subjects. 
It is known that coping style and locus of control determine whether a person develops 
complaints and/or seeks care.39-43 Individuals with an active coping mechanism focus on trying 
to control the situation, while ‘passive ways of coping’ refer to withdrawing and surrendering 
control over problem situations. Individuals with an extern-oriented coping strategy express 
their feelings and involve their social environment in dealing with the problem, while an intern-
oriented coping individual does not share their problem. Bruxism can be seen as a suppression 
of emotions. The general response to psychological stress is the activation of the sympathetic 
nervous system, leading to among others rapid  breathing and increased heart rate, a higher 
muscle tension, and an increased blood pressure.44 If a person cannot or does not want to 
express an emotion, he can, often unconsciously, develop even more muscle tension. Within 
this perspective, the oral region takes a special place in either expressing or suppressing 
emotions, because it is the symbolic door between outside and inside.
CONCLUSIONS
Within the limitations of the present study, it was concluded that there was a minor and 
nonsignificant group-level effect of self-reported anger and frustration on both ’possible’ AB 
and SB. However, it should be noted that the correlation between these variables and bruxism 
differed significantly across individuals. This study confirmed a positive correlation between 
distress and both AB and SB, between anxiety and AB, and between smoking cigarettes and SB.
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GENERAL DISCUSSION
The aim of this thesis was to address certain clinical questions about the phenomenon of 
bruxism from a physical therapeutic perspective. This chapter begins with some methodological 
considerations. It then moves on to discuss the results of the studies reported on in this 
thesis, which are divided into etiology or mechanisms of bruxism (‘Physiologic aspects’) and 
management of bruxism (‘Physio-logic perspective’). The chapter ends with recommendations 
for clinical practice and further research. 
METHODOLOGICAL CONSIDERATIONS
Study population
The studies in this thesis all included adult community cases: individuals with (sleep) bruxism 
without a subjective treatment need. This consideration was based on our interest in the (patho)
physiological mechanism of bruxism instead of the clinical consequences of bruxism, such as 
masticatory muscle pain. Therefore, the results should be interpreted within this context and a 
translation of these results to clinical daily practice would require nuance. The outcomes of the 
different studies could be different in clinical cases because of, for example, the involvement 
of the pain system. In the presence of pain several factors could influence the motor activity, 
such as an altered proprioception, increased awareness, or adjusted movement patterns. This 
also corresponds with the results of the Delphi procedure undertaken for this thesis (Chapter 
2), which showed that specialized dentists and orofacial physical therapists (OPTs) identify an 
indication for treatment only in the presence of negative clinical consequences of bruxism or if 
bruxism is considered a risk factor for future treatment.
Bruxism assessment
As mentioned in Chapter 1, bruxism can be graded as ‘possible’, ‘probable’ and ‘definite’ sleep 
(SB) or awake bruxism (AB)1 according to the diagnostic tools used, such as self-report, clinical 
signs and muscle activity recordings, with polysomnography (PSG), or sleep examination, 
considered to be the gold standard in SB diagnostics.2 The study presented in Chapter 6 used 
‘possible’ bruxism, which has been defined as self-reported bruxism using a questionnaire 
and/or anamnesis. This study investigated bruxism for two purposes: for the inclusion of 
study subjects and for the use of a longitudinal measurement method. For both purposes, 
the preferred tool is PSG or the electromyographic (EMG) recording (preferably combined with 
ecological momentary assessment3) because of its validity and ability to visualize fluctuations 
in bruxism levels over time. However, PSG is time-consuming and expensive and requires 
specific training. The use of a clinical examination may limit the range of potential participants 
owing to travelling distance and effort. Moreover, short-term differences in bruxism level 
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cannot be measured by using findings of the clinical examination only and research has shown 
that clinical findings such as tooth wear and tongue/cheek indentation are not exclusively 
related to bruxism4. Therefore, we consider self-report as the most adequate measurement 
method for the study reported in Chapter 6. Moreover, self-reported assessment of SB and AB 
continues to be the primary tool in bruxism research and clinical practice1, as supported by the 
results of our Delphi study (Chapter 2).
The studies described in Chapter 4 and Chapter 5 both used PSG assessment of SB, grading 
SB as ‘definite’. PSG recordings provide key evidence of SB, have the ability to visualize 
fluctuations in rhythmic masticatory muscle activity (RMMA) levels over time and can provide 
additional data, for example EMG activity of neck muscles during SB. Therefore, it is the most 
suitable assessment tool for these studies. However, important issues include additional audio 
and/or video recordings, which we did not have owing to the ambulatory recordings, and EMG 
outcome measures. One of the most debatable concerns is the cut-off point for establishing 
the presence or absence of bruxism.1 However, in the studies discussed in Chapter 4 and 
Chapter 5 the established cut-off points5 were used only for the inclusion of participants. Our 
primary outcome measures, the number of bruxism events and not the absence or presence of 
bruxism, did not use cut-off points.
At this point the difference between temporomandibular disorders (TMD) and bruxism is worth 
mentioning. TMD is an umbrella term that covers pain and dysfunction (joint sounds, limited 
movements) of the masticatory muscles and the temporomandibular joints and is normally 
function-related, meaning that the pain and/or dysfunction is present or increased while the 
masticatory system is being used.6 In daily practice clinicians are often confronted with pain in 
and dysfunction of the orofacial region. Bruxism can, but does not always, play a role in these 
complaints.7,8 
Modified Welch method
The study set out in Chapter 5 describes a coherence analysis based on the Welch’s method, 
which is widely used in the field of neurophysiology. This method estimates the power of a 
signal at different frequencies and is based on the concept of converting a signal from the 
time domain to the frequency domain.9 The current method requires long-term rhythmic 
activities, such as those present in tremors or chewing movements10-12, while bruxism involves 
short-term episodes that alternate uncontrollably in the form of tonic, phasic and/or mixed 
activation13. Therefore, a custom-made analysis program for coherence analysis of phasic and 
mixed episodes during SB based on the Welch’s method was prepared by the Department 
of Neurology of the Radboud University Medical Center (Radboudumc). In order to use the 
algorithm for the present study, several additional selection criteria had to be considered 
owing to technical restrictions. These criteria cannot be optimized in advance, but should be 
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determined by trial and error. For this reason, we conducted an experiment that simulated 
bruxism and used one of the recordings of the participants. Although there remain some 
questions regarding the validity of the modified algorithm, this method is the best we have at 
this time. 
PHYSIOLOGIC ASPECTS OF BRUXISM
The current global perspective of the status of bruxism is described in an international 
consensus paper1, which emphasizes that the (patho)physiological mechanisms of bruxism 
are still not fully understood. In this paper key researchers and clinicians agree that bruxism is 
not a movement or sleep disorder in otherwise healthy individuals but might be a risk factor for 
oral health consequences. If it is not a risk factor for another disorder, bruxism may ‘just’ be a 
motor behaviour with a multifactorial etiology. Taking this consensus statement into account, 
it is of great interest to acquire more insight into the mechanisms of bruxism and the factors 
that influence the level of bruxism.
(Sleep) bruxism has been increasingly associated with central instead of peripheral 
mechanisms.14 The results of the study presented in Chapter 4 partially support the hypothesis 
of bruxism as a centrally regulated phenomenon, since a peripheral approach such as muscle 
stretching did not reduce bruxism events. Up to now, the strongest evidence for a central 
regulation of SB is obtained from research regarding sleep physiology14-17 and the dopaminergic 
system14,15,18-20. Furthermore, given the current definition of bruxism as “a masticatory muscle 
activity”1, it seems obvious that this complex phenomenon should be approached from a motor 
control perspective. Motor control is defined as the ability to regulate or direct the mechanisms 
essential to movement. Brooks (1986)21 refers to physical therapists as “applied motor control 
physiologists”, because of their work on motor control problems. 
Possible common generator for masticatory and neck muscle activity during sleep 
bruxism
The significant correlation between the frequency of peak coherence (FPC, the frequency 
where the coherence is at its peak) of coupled masticatory and neck muscles, reported in 
Chapter 5, provides some information about the motor control system of both muscle groups. 
It definitely supports the hypothesis of bruxism as a central mechanism, but it can also be 
used to reach a careful conclusion that a common generator or common circuit exists for the 
regulation of both masticatory and neck muscles during SB. This is in line with the coordination 
of motor control during a vast majority of our daily activities, for example riding a bike or 
walking. Central pattern generators that activate multiple systems at the same time and/or in 
a specific order coordinate these motor activities. The high level of intermuscular coherence 
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between masticatory and neck muscles during SB indicates common input to the motor unit 
pools of both muscle groups and reflects a common generator and shared neural pathways. 
Our study did not evaluate whether there is a sequence in the muscle activity of masticatory 
and neck muscles, i.e. if the masticatory muscles activate first and then the neck muscles, or 
vice versa.
Moreover, in line with RMMA as part of sleep-arousal activity15,22, it is plausible that sleep 
arousals ‘excite’ multiple systems, not solely the sleep bruxism generator. This indicates that 
SB may not be a pathophysiological entity by itself, but rather one of the consequences of 
complex neurophysiological interactions within the central nervous system. Future research 
might reveal that it is better to use the term ‘rhythmic head-neck muscle activity’ (RHMA).
Clinical relevance of coherence
The high level of significant coherence between masticatory and neck muscles in all examined 
SB episodes in our study confirmed the expected associations within the upper body quadrant 
often seen in daily physical therapy practice. Although clinicians are eager to explain symptoms 
of the neck, such as muscle pain, as being a consequence of masticatory muscle over-activity, 
or vice versa, the intensity of the neck muscle activity during these coherent episodes is probably 
too low.23 However, both clinical24 and laboratory25 studies show that even low-level but long-
lasting repetitive (or sustained) muscle activity can lead to pain and dysfunction. The ‘micro-
traumas’ that occur in daily repetitive activity can develop into musculoskeletal disorders 
called cumulative trauma disorders (CTD). Examples of common CTDs are complaints of 
the arm, neck and/or shoulder (CANS), in which the PT has an important therapeutic role.26 
This suggests that patients with myalgia/myofascial pain in which bruxism seems to play an 
influential role should be seen by the OPT.
Bruxism and proprioception
In addition, our critical evaluation of the available literature on the masticatory muscles, 
bruxism and muscle stretching (Chapter 3) led us to suggest a new concept in the study of 
bruxism. According to our evaluation, bruxism may be not only a motor dysfunction, as the 
current definition suggests1, but also a sensorimotor dysfunction with an important role for 
proprioception. Bruxism could be the consequence of altered proprioception, explained by an 
incorrect interpretation of the ‘normal’ (resting) position of the jaw, leading to a continuous 
process of muscle activation. Improving proprioception is one of the main goals of exercise 
therapy used by PTs.
Interactions between emotions and bruxism 
Dutch sayings such as ‘doorbijten’ (translated as: ‘to persevere or persist’), ‘verbijten’ 
(translated as: ‘to suppress’), ‘de tanden op elkaar zetten’ (translated as: ‘to bite the bullet’), 
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which are metaphors for ‘suppress’, suggest a link between emotions and bruxism. This link 
is often seen in daily practice and even in daily life, and the majority of the people recognize 
themselves in these sayings. Regarding psychological distress and anxiety, this association 
has already been extensively studied27,28 and is confirmed by our study presented in Chapter 6. 
According to the American Psychological Association (APA), an emotion is “a complex pattern 
of changes, including physiological arousal, feelings, cognitive processes, and behavioural 
reactions, made in response to a situation perceived to be personally significant”29, but a single 
uniform, globally accepted classification of emotions is missing. This definition illustrates the 
complexity of emotions and the involvement of (I) arousal and (II) behaviour. An arousal can 
consist of several physiological reactions, such as muscle activity. Bruxism is, in otherwise 
healthy individuals, considered to be a risk factor for anomalous motor behaviour. Therefore, 
from both perspectives, emotions could lead to masticatory muscle activity, or bruxism, and 
vice versa. But it is worth asking how the emotional mechanisms and the bruxism mechanisms 
are connected.
Throughout the centuries, several behavioural neuroscientists have proposed different theories 
about emotions and their associated physiological, neurological and cognitive reactions. In 
1884, the James-Lange theory30, or the specificity theory, stated that every emotion has its 
own unique physiological pattern and representation in the brain. At around the end of the 
20th century, consensus was reached concerning a limited specificity for a few basic emotions, 
based on physiological measures. There is significant overlap between the physiological 
reactions of different emotions. Most unpleasant emotions can be seen as a form of stress, 
as part of a fight-or-flight response, as supported by Figure 1 of Chapter 6. Nowadays, brain 
imaging, such as functional MRI, gives us the opportunity to ‘see’ emotions in the brain. An 
extensive and detailed description of the mechanisms behind emotions, derived from the field of 
neurosciences31, is beyond the scope of this thesis. However, one possible hypothesis is related 
to the regulation of gamma-aminobutyric acid (GABA), the chief inhibitory neurotransmitter 
responsible for reducing neuronal excitability and the regulation of muscle tone.32 GABA plays 
a key role in the modulation of emotions, such as anxiety33, depression34 and stress35, as well as 
in the sleep-wake regulation36. Furthermore, the motor system of the masticatory system might 
be less inhibited by GABA, like other sensory systems (e.g. not waking up when someone calls 
our name). Several clinical trials on the effect of benzodiazepines on bruxism37-39 emphasise 
the complexity of the interactions between GABA, emotions, and bruxism.  
Clinical relevance of emotions in bruxism practice
The study that evaluated the association between anger and frustration and bruxism found 
no group-level effect of anger and frustration on bruxism, but did find the presence of major 
interpersonal differences. In individual cases the association over time was very clear, as seen 
in Figure 2 of Chapter 6. The major interpersonal differences could be explained by several 
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factors, mostly regarding personal cognitive and behavioural characteristics. It is known that 
coping style and locus of control determine whether a person develops complaints and/or 
seeks care.40-44 Within this perspective, bruxism could be increased by emotions, as a result 
of both an internal and external locus of control. But, if stress and other emotions, such as 
anger and frustration, are related (Figure 1, Chapter 6), why did we find such different results 
for stress on the one hand and anger/frustration on the other hand? This could be a result of 
the self-reported evaluation of emotions. During the data collection of this study, it was found 
that participants seemed to have difficulties distinguishing the emotions anger and frustration. 
Perhaps, stress, a more familiar feeling, was reported more often than anger or frustration.
PHYSIO-LOGIC PERSPECTIVE
Physical therapy and bruxism
As described in the General Introduction of this thesis, the PT is a specialist in the 
musculoskeletal domain, i.e. the system of muscles and joints responsible for posture and 
movement. Therefore, to the author, it is clear that the OPT deserves an explicit role in bruxism 
diagnostics and management. Using the International Classification of Functioning, Disability 
and Health (ICF) of the World Health Organization (WHO)45, the PT explores the impact of 
the patient’s problem on all life areas and stimulates movement behaviour that positively 
influences health and supports the patient in performing his daily activities. The role of the OPT 
in bruxism management is internationally recognized by researchers and clinicians.46 Physical 
therapy is often focused on self-management of the patient, as supported by Huber et al.’s47 
recent definition of health. In the case of self-limiting musculoskeletal disorders, the patient 
should provide the conditions needed for rehabilitation. The OPT can guide the patient in this 
process. This approach is in line with the national (Chapter 2) and international consensus1 
that bruxism, in otherwise healthy individuals, is considered as a behaviour that can be a risk 
factor for certain clinical consequences. This means that bruxism itself is not necessarily the 
problem, but that the level of bruxism, often influenced by personal and environmental factors, 
and its negative clinical consequences are. 
Two approaches from the field of physical therapy that are interesting for bruxism management 
are the load-capacity model48 and the ‘4P-factor’ model49 (Predisposing, Precipitating, 
Perpetuating, Protective factors). The first model, the load-capacity model, can be seen as a 
balance scale – with the physical and mental demands we expose our bodies to on one side 
and our physical and mental condition on the other side. If clinical consequences of bruxism 
are present, we can either decrease the demands on us (reduce the underlying behaviour) or 
improve our fitness for handling them. The OPT can offer the tools used in the habit reversal 
method, advice regarding lifestyle and sleep hygiene, and muscle relaxation techniques. On 
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the other side of the scale, improving one’s general physical (and mental) condition can lead 
to a higher pain threshold. The second model, the ‘4P-factor’ model, describes risk factors for 
physical problems, divided into predisposing, precipitating, perpetuating and protective risk 
factors. In the specific case of pain and bruxism, bruxism can be seen as an already existing 
factor that might put the patient more at risk for developing pain. It can also be a provoking 
factor, i.e. the last straw that breaks the camel’s back. Finally, bruxism can maintain present 
pain by overusing/overstimulating the nervous system. Moreover, vice versa, pain can lead to 
increased muscle activity as part of a protective mechanism, and especially the masticatory 
muscles by ‘to grin and bear it’ (in Dutch: ‘verbijten’). The OPT appraises the status of bruxism 
in the patient’s context, which helps to determinate the appropriate treatment approach. Thus, 
bruxism as an already existing behaviour (often for many years and without a specific reason) 
would require a different approach, such as a habit reversal approach, from bruxism as a new 
behaviour provoked by a certain event or circumstance. The findings presented in the next 
paragraphs will discuss the role of the OPT in the management of bruxism.
Management strategies in daily practice
When the clinician suspects that bruxism plays a role in dental and/or musculoskeletal 
complaints, such as dental wear, myofascial pain and temporomandibular dysfunction, 
multiple management strategies can be considered. Our Delphi study in Chapter 2 showed 
that both specialized dentists and OPTs included the aspects of counselling of habit reversal, 
lifestyle advice and sleep hygiene advice. This could be expected since self-management of the 
patient is highly valued in both dental and physical therapy and is supported by evidence.50-52 
Depending on the profession, other approaches were submitted by the participants. 
Muscle stretching exercises were highly valued by both specialized dentists and OPTs 
and actually used by OPTs. The OPTs were thoroughly questioned about the use of muscle 
stretching exercises in their clinical practice. They all used muscle stretching exercises in 
the management of bruxism or related symptoms. The implementation and considerations 
regarding the stretching parameters were largely the same for all therapists. Stretching 
exercises were performed manually, intra-orally, 2-3 times a day, with 2-3 repetitions of 20-30 
second stretches at an intensity within the pain threshold, which is consistent with the literature 
(Table 1, Chapter 3). The positive experiences and results of the OPTs are in line with the results 
reported in our review of the topic (Chapter 3). It would be interesting to know whether patients 
are satisfied with muscle stretching exercises, for which there are some indications. Despite 
the fact that muscle stretching exercises are widely used and recommended for conditions and 
disorders comparable with bruxism, such as muscle cramps53, dystonia54, and restless legs 
syndrome (RLS)55, the study discussed in Chapter 4 is the first to evaluate the effect of muscle 
stretching exercises on (sleep) bruxism.
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Muscle stretching exercises and bruxism
The study in Chapter 4 showed an increase in the number of SB episodes and bursts in both 
the intervention group and control group, but more in the intervention group. These differences 
were statistically significant for the bruxism bursts, but not for the bruxism episodes. However, 
because the differences were small and the level of significance was not persuasive, we consider 
the effect not clinically relevant. These results disprove the hypothesis posited in Chapter 3 
that muscle stretching either reduces EMG-activity or does not influence EMG-activity. These 
unexpected results can be explained by several features of the randomised controlled trial 
(RCT) (Chapter 4). First, muscle stretching is mostly used in a clinical setting, which means 
that: (I) symptoms such as pain or dysfunction can be present; (II) psychological characteristics 
of the patient can be involved; and (III) muscle stretching is used as part of a treatment plan 
instead of a stand-alone therapy. Secondly, it is unclear whether the stretching protocol used, 
i.e. duration, repetitions, intensity, and execution, is appropriate for reducing bruxism. Finally, 
the differences in muscle fibre characteristics and composition between limb/trunk muscles 
and masticatory muscles, as described in Chapter 3, could have influenced the results in the 
RCT. The effect of muscle stretching exercises on AB was not studied in the Chapter 4 study. 
However, the review in Chapter 3 suggests that muscle stretching exercises can reduce the 
muscle tone and increase the range of motion in joints. This suggests that muscle stretching 
may positively change the resting position of the jaw. 
Muscle stretching exercises and the clinical consequences of bruxism
The secondary outcome measures in Chapter 4, i.e. aspects of mandibular function and 
impairment, may be even more relevant for clinical practice. Both the active pain-free 
maximum mouth opening (MMO) and the pressure pain threshold (PPT) increased significantly 
in the intervention group. In our study, these differences did not exceed the minimal clinically 
important differences, but it should again be emphasized that we included community cases. 
That we found significant increases in MMO and PPT in this study population makes this 
study potentially extremely relevant to a population of clinical cases. The increased MMO and 
PPT could explain the positive impressions based on clinical practice. Since in most cases 
the primary reason that patients visit the dentist or PT (or any other clinician) is that they 
experience symptoms such as pain or dysfunction, muscle stretching exercises may be an 
interesting management strategy. 
Current status and future perspectives of bruxism management
First of all, the current consensus about the management of bruxism is that there is no 
treatment indication unless there are (potential) harmful consequences. None of the current 
treatment modalities46,56-58 are, as stand-alone therapies, effective and feasible for most 
patients with SB and it is still unclear which combinations of strategies are the most effective. 
All strategies of the so-called ‘multiple-P’ approach46, i.e. Pep-talk, Physiotherapy, Psychology, 
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Plates, and Pills, not to be confused with the ‘4P-factor’ model, are used in daily practice, with 
pharmacological strategies less frequently used. More management strategies are actually 
used than found to be clinically useful (Chapter 2). This is a common phenomenon regarding 
the gap between research and clinical practice. 
In general, there is a tendency to combine multiple strategies to obtain the best result. In 
addition, the shared preference in clinical practice is a ‘stepped care’ approach, which means 
that the patient is not treated more invasively than necessary, starting with the least invasive/
complex intervention. The diagnosis helps to determine which treatment is most suitable for 
the patient and whether this treatment can be performed in primary care or whether the patient 
should be referred for specialist medical care. Furthermore, it is recommended that clinicians 
aim for ‘personalised care’; this is a tailored treatment adapted to patient characteristics, 
such as the severity of the problem, mental and social skills, environmental factors, and 
preferences of the patient. Taking this aim into account, all bruxism management should start 
with counselling (Pep-talk) to inform the patient about the phenomenon of bruxism and make 
him aware of his behaviour. The counselling should be adapted to the personal context of the 
patient, exploring relevant etiological factors of bruxism which could be influenced. The author 
holds the opinion that physical therapy is also a primary management strategy because it 
brings with it expertise in behaviour change and muscle relaxation. The other strategies, i.e. 
Psychology, Plates, and Pills, may be relevant in individual cases; for example: when profound 
emotions have a significant influence on the level of bruxism, when severe tooth wear is 
present, or when other strategies are not effective.
The clinical experience of the author in both dental and physical therapy is that, in general, 
clinicians have limited knowledge about the (patho)physiological mechanisms and management 
of bruxism. The results of the Delphi study in Chapter 2 confirm this presumption. A qualitative 
systematic literature review from 201546 and an international consensus report from 20181 
are examples of evidence-based practice, combining the best available evidence with clinical 
expertise and patient preferences59. Recommendations from systematic reviews, meta-
analyses and consensus papers should be implemented in educational programs (curricula 
of, at least, dental and physiotherapeutic education) and professional guidelines and profiles.
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RECOMMENDATIONS
Clinical practice regarding bruxism 
 •    In the diagnostic phase, all known risk factors for bruxism should be explored. 
 •    In the diagnostic phase, the upper body quadrant as a total neuromusculoskeletal 
system should be included in the clinical examination. 
 •    In the management phase, it should be taking into account that masticatory muscle 
stretching can be used to reduce pain and improve mandibular function. 
Suggestions for further research
 •    Conducting of a Delphi procedure in different countries or at an international level 
aiming to gain insight in the global clinical practice regarding bruxism diagnostics 
and management; 
 •    Investigation of coping strategies and personality traits to further specify the 
characteristics (‘profile’) of individuals in whom an association between bruxism 
and anger/frustration can be expected; 
 •    Evaluation of the effect of masticatory muscle stretching on bruxism (AB and SB) in a 
study population of clinical cases with myofascial pain and/or temporomandibular 
dysfunction; 
 •    Evaluation of the coherence of masticatory and neck muscle activity during bruxism 
(AB and SB) in a study population of clinical cases with myofascial pain and/or 
temporomandibular dysfunction; 
 •    Evaluation of the coherence of masticatory and neck muscle activity during SB with 
particular attention to the sequence of muscle activity, i.e. which muscle group 
activates first, and identification of the possible common generator or circuit 
involved in motor control of masticatory and neck muscles during SB.
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OVERALL CONCLUSION
The studies in this thesis lead to two overall conclusions. First, they further support the 
hypothesis of bruxism as a centrally regulated phenomenon by concluding that: (I) a peripheral 
management strategy, masticatory muscle stretching, did not reduce SB events (Chapter 4) 
and (II) a high level of significant coherence between masticatory and neck muscles during SB 
was found (Chapter 5).
Second, the findings corroborate the OPT as an important partner in both the diagnosis and 
management of bruxism. Regarding the role of the OPT, the studies in this thesis concluded 
that: (I) specialized dentists in the Netherlands identified the OPT as highly competent in 
diagnosing and managing bruxism (Chapter 2); (II) although masticatory muscle stretching 
may not reduce bruxism levels, it could possibly be an effective management strategy in 
reducing pain and improving mandibular function in bruxism patients (Chapter 4); (III) the high 
level of significant coherence between masticatory and neck muscles during SB corroborates 
the clinical examination of the upper body quadrant as a total neuromusculoskeletal system 
instead of examining single systems, such as the masticatory system or the neck (Chapter 
5); and (IV) several psychological factors such as anger and frustration are on individual level 
associated with bruxism (Chapter 6). 
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SUMMARY
The aim of the studies presented in this thesis was to further investigate different aspects (i.e. 
tools for diagnosis and management used in daily practice, possible effects of masticatory 
muscle stretching on sleep bruxism (SB), coherence between masticatory and neck muscles 
during SB, possible associations between bruxism and anger and frustration) of the 
phenomenon of bruxism, whose clinical consequences are frequently seen by dentists and 
physical therapists (PT). Bruxism is an important risk factor in daily practice for both patient 
and caregiver, with knowledge about its etiology and therefore management still limited. The 
current definition adopted in this thesis and the proposed management approach offer an 
opportunity for physical therapy.
Chapter 2 reports on a 2-round Delphi procedure, which was performed with the aim of gaining 
insight into the diagnostic tools and management strategies most often used by dentists 
and PTs specialized in orofacial pain (orofacial physical therapists or OPTs) and dysfunction 
throughout the Netherlands. The first round was based on a review of the literature, which 
clearly shows a wide range of tools available for the diagnosis and management of bruxism. In 
two extensive questionnaires, the specialized dentists and OPTs were asked to describe the tools 
they found most useful and actually used in daily practice. For the diagnostics, a combination 
of data from anamnesis and findings from the clinical examination was considered valuable. 
For the management, habit reversal, lifestyle counselling, sleep hygiene advice, relaxation 
therapy, cognitive behavioural therapy, occlusal splint therapy, and massage/stretching of 
the masticatory muscles were the preferred tools. The preferences differed, depending on 
the background of the professional. Currently, a colourful palette of tools is available for all 
professionals involved.
Chapter 3 (critical evaluation) and Chapter 4 (intervention study) describe the possible 
indication for muscle stretching exercises in the management of bruxism. First, in Chapter 3, 
the current scientific literature was evaluated with respect to the physical and psychological 
effects of muscle stretching exercises and the most effective dosimetry for achieving these 
effects. There are no studies available on stretching of the masticatory muscles. Moreover, the 
masticatory muscles differ substantially from the trunk and limb muscles. Therefore, several 
considerations have been described when applying the current knowledge to the masticatory 
system. There was consensus that static stretching increases pain tolerance and improves 
sport performance, while there was no consensus about the dosimetry of muscle stretching. 
It is suggested by the authors of the conducted study that bruxism may be related not only 
to a motor dysfunction, but also to a sensorimotor dysfunction with an important role for 
proprioception. Despite the complex application of current knowledge to masticatory muscles, 
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the authors hypothesized that there may be an indication for muscle stretching exercises in the 
management of bruxism.
However, as reported in Chapter 4, the randomized controlled trial (RCT) conducted to evaluate 
the additional effect of masticatory muscle stretching exercises above sleep hygiene advice 
on polysomnographically measured SB and jaw function in a pain-free study population did 
not confirm the hypothesis stated in Chapter 3. A minor increase in SB was found in both the 
control group (sleep hygiene advice) and intervention group (sleep hygiene advice plus muscle 
stretching exercises). In the stretching group, a significant increase in the active maximal pain-
free mouth opening and the pain threshold of the masseter muscle was found, which supported 
findings from the available literature on muscle stretching of trunk and limb muscles. Studying 
the effect of masticatory muscle stretching in a study population of bruxers with pain and/or 
dysfunction, i.e. the vast majority of our patients, seems to be necessary in order to gain insight 
into the effects that can be expected in clinical practice.
Chapter 5 describes a study carried out to acquire more insight into the (patho)physiological 
mechanism of SB, with regard to its central generation. Extensive experimental research shows 
co-contraction between the masticatory and neck muscles during conscious biting tasks. In this 
polysomnographic study, the correlation between the activity of the masseter muscle and the 
temporalis, the trapezius and the sternocleidomastoid muscles during bruxism episodes was 
evaluated. A modified version of a widely used coherence analysis method, the Welch’s method, 
was used. The results show a high frequency of significantly coherent episodes (84.9%), where 
coherence of the masseter-trapezius as well as the masseter-sternocleidomastoid muscular 
couples resembles the coherence found for masseter-temporalis. No difference in coherence 
was found between the different sleep stages. This study supports the hypothesis of SB as a 
centrally regulated mechanism and discusses the possible existence of a common generator 
or circuit in the brainstem. 
Among others, psychological factors are described as risk factors for bruxism. Currently, 
there is evidence of a correlation between self-reported bruxism and psychological stress 
and anxiety. However, in daily practice anger and frustration also seem to be risk factors 
for bruxism. Therefore, as reported in Chapter 6, we analysed the correlation between self-
reported bruxism and anger/frustration in a longitudinal cohort study. Our study found a 
negligible overall effect of both anger and frustration on self-reported bruxism, but with major 
interpersonal differences. This means that one person can respond very strongly to anger or 
frustration in terms of increased bruxism, while another person does not experience more 
bruxism when anger or frustration increases. The correlation between psychological stress 
and both awake bruxism (AB) and SB, between smoking and SB, and between anxiety and AB 
was confirmed.
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Chapter 7 presents a general discussion about the methodological considerations of the studies 
along with a summary of the main findings of the studies, an interpretation of the results, 
and recommendations for clinical practice and further research. The physiologic aspects of 
bruxism that are discussed in this thesis are: (I) the possible existence of a common generator 
for masticatory and neck muscles during SB; (II) the clinical relevance of masticatory and neck 
muscle coherence for daily practice; (III) the interactions between emotions and bruxism; and 
(IV) the clinical relevance of emotions in bruxism practice. Furthermore, several physio-logic 
perspectives, i.e. physical therapeutic perspectives, were discussed, mostly regarding the role 
of the OPT in the management of bruxism; the actually used management strategies in daily 
practice compared with the evidence; the effect of muscle stretching exercises on bruxism 
and its negative clinical consequences; and recommendations from the author on bruxism 
management.
We concluded that (I) the central regulation of bruxism is further supported and that (II) the 
OPT is an important partner in both the diagnosis and management of bruxism, because of the 
characteristics of this complex phenomenon and the skills of the OPT.
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SAMENVATTING
Het proefschrift richt zich op het fenomeen bruxisme, waarvan de klinische consequenties 
frequent worden gezien door zowel tandarts als fysiotherapeut, verder te onderzoeken. 
Bruxisme is een klinisch probleem voor zowel patiënt als zorgverlener met nog altijd een 
beperkte kennis over etiologie en daarmee behandeling. De huidige definitie en voorgestelde 
behandelstrategieën bieden de mogelijkheid van behandeling door de orofaciaal fysiotherapeut, 
daar deze naast zijn specifieke kennis van het bewegingsapparaat tevens bekend is met 
gedragsbeïnvloeding om gewoontes te behandelen/beïnvloeden en met patiënteducatie in 
brede zin.  
Op basis van literatuuronderzoek, waaruit duidelijk naar voren komt dat er een grote diversiteit 
aan diagnostische en therapeutische mogelijkheden is, is in Hoofdstuk 2 een Delphi procedure 
uitgevoerd. Het doel van deze studie was om duidelijkheid te verkrijgen over de gemaakte 
keuzes in diagnostiek en in de therapie omtrent meest gebruikte middelen/strategieën door 
tandarts-gnathologen en orofaciaal fysiotherapeuten in Nederland. In twee opeenvolgende 
rondes, bestaande uit vragenlijsten, werden de professionals gevraagd om hun opvattingen 
en klinisch redeneerproces ten aanzien van de diagnostiek en behandeling van bruxisme aan 
te geven. In het diagnostisch proces wordt een combinatie van gegevens uit de anamnese 
en bevindingen uit het klinisch onderzoek waardevol geacht, waarbij er bij beide disciplines 
aandacht is voor zelfbewustzijn van de patiënt en intra-orale tekenen. In het therapeutisch 
proces is er voorkeur voor een strategie met gewoonteverandering, leefstijladvies, slaaphygiëne, 
ontspanningstherapie, cognitieve gedragstherapie, splinttherapie en massage/rekken van de 
kauwspieren. De voorkeuren verschillen per professie en er is momenteel duidelijk sprake van 
een kleurrijk palet van gebruikte testen en therapieën binnen het onderzochte werkveld.
 
Hoofdstuk 3 (kritische evaluatie) en Hoofdstuk 4 (interventiestudie) beschrijven de mogelijke 
indicatie van spierrekkingsoefeningen in de behandeling van bruxisme. In de narratieve review 
in Hoofdstuk 3 is aan de hand van literatuuronderzoek een uiteenzetting gepresenteerd 
over de fysieke effecten en psychologische invloeden zijn van spierrekkingen en met welke 
parameters er gerekt dient te worden. De meeste studies bespreken spierrekkingsoefeningen 
bij sportgerelateerde aandoeningen waarbij het accent ligt op de been- en rompspieren. Er 
zijn geen studies bekend over het effect van rekkingen van de kauwspieren of het effect van 
rekkingen op de mate van bruxisme. Bovendien verschillen de kauwspieren op meerdere 
aspecten wezenlijk van de romp- en ledemaatspieren, waardoor de beschikbare kennis over 
spierrekken niet simpelweg gegeneraliseerd kan worden naar de orofaciale praktijk. Er is 
consensus dat statisch rekken de pijntolerantie verhoogt en de sportprestatie kan verbeteren, 
terwijl er geen consensus is over de dosimetrie van het rekken. De verschillen tussen de romp- 
en ledemaatspieren en de kauwspieren leiden tot een aantal aanbevelingen ten aanzien van het 
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uitvoeren van de rekkingen. Tot slot wordt voorgesteld dat (waak)bruxisme mogelijk niet alleen 
een motorische stoornis is, maar een sensorimotorische stoornis met een belangrijke rol voor 
proprioceptie. Al concluderend is gesteld dat ondanks de complexe vertaling van de huidige 
kennis naar toepassing op de kauwmusculatuur, er een indicatie lijkt te zijn voor spierrekken 
in de behandeling van bruxisme.
De gerandomiseerde gecontroleerde interventiestudie kan de indicatie om spieren te rekken, bij 
personen met slaapbruxisme (SB) zonder hulpvraag, niet bevestigen. De uitkomsten van deze 
studie werden bepaald met behulp van polysomnografisch onderzoek en enkele metingen voor 
de kaakfunctie. Zowel in de controlegroep (slaaphygiëne) als de interventiegroep (slaaphygiëne 
plus spierrekkingsoefeningen) wordt een kleine toename van bruxisme gevonden, waarbij 
enkel de toename voor de bruxisme bursts net significant is. Daarnaast wordt een kleine 
significante toename van de pijnvrije actieve maximale mondopening en de pijndrempel van de 
kauwmusculatuur gevonden, overeenkomend met de beschikbare literatuur over spierrekken 
van de romp- en ledemaatmusculatuur. 
Hoofdstuk 5 beschrijft een studie waarin gepoogd wordt om meer inzicht te krijgen in het 
pathofysiologisch mechanisme van SB. Uitgebreid experimenteel onderzoek toont aan dat er co-
contractie plaatsvindt tussen de kauw- en nekmusculatuur tijdens bewuste klem- en bijttaken. 
Co-contractie berust op visuele beoordeling waarbij te zien is dat een spier op gecoördineerde 
wijze wordt geactiveerd met een andere spier. Een hogere mate van betrouwbaarheid wordt 
bereikt door EMG-signalen te analyseren op coherentie. Met een coherentieanalyse wordt 
gekeken naar een correlatie in het frequentiespectrum tussen twee spiersignalen (inter-
musculaire coherentie). Coherentie beschrijft daarmee een temporele relatie en representeert 
een functionele koppeling. In onze studie onderzoeken wij of er een coherentie is tussen kauw- 
en nekmusculatuur tijdens SB. In deze polysomnografische studie werd met behulp van een 
gemodificeerde versie van een veelgebruikte coherentieanalysemethode, de Welch’s methode, 
de samenhang tussen de spieractiviteit van de masseter en respectievelijk de temporalis, 
de trapezius en de sternocleidomastoideus gedurende bruxisme episodes geëvalueerd. De 
resultaten tonen een zeer sterke en significante coherentie (84.9%) tussen masseter-trapezius 
en masseter-sternocleidomastoideus. Er werd geen verschil in coherentie gevonden tussen 
de verschillende slaapfasen. Deze studie ondersteunt de hypothese van SB als een centraal 
gereguleerd mechanisme en bediscussieert de mogelijkheid van een gemeenschappelijke 
generator of circuit in de hersenstam.
In Hoofdstuk 6 analyseerden wij middels een longitudinale cohort studie de relatie tussen 
zelfgerapporteerde bruxisme en boosheid/frustratie. Binnen de etiologie van bruxisme 
worden onder andere psychologische factoren beschreven. Inmiddels is er bewijs voor een 
relatie tussen zelfgerapporteerde stress en angst en bruxisme. In de praktijk lijken de emoties 
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boosheid en frustratie echter ook risicofactoren voor bruxisme. Wij concludeerden dat er 
op groepsniveau een te verwaarlozen overall effect is van zowel boosheid als frustratie op 
zelfgerapporteerde bruxisme, maar dat er grote interpersoonlijke verschillen zijn. Dit wil 
zeggen dat de ene persoon zeer sterk kan reageren op boosheid/frustratie en de andere 
persoon niet meer bruxisme vertoont ondanks toegenomen boosheid/frustratie. De relatie 
tussen stress en SB en waakbruxisme (WB), en tussen roken en SB, en tussen angst en WB, 
werd in dit onderzoek bevestigd.
Hoofdstuk 7 sluit het proefschrift af met een algemene discussie over de methodologische 
overwegingen, de belangrijkste bevindingen van de studies, de interpretaties van deze resultaten 
en aanbevelingen voor de dagelijkse praktijk en verder onderzoek. Aspecten ten aanzien van 
de etiologie/mechanismen van bruxism die in dit proefschrift worden bediscussieerd zijn (I) de 
mogelijke gemeenschappelijke generator voor kauw- en nekmusculatuuractiviteit tijdens SB, 
(II) de klinische relevantie van de hoge mate van coherentie tussen kauw- en nekmusculatuur 
voor de dagelijkse praktijk, (III) de interacties tussen emoties en bruxisme, en (IV) de klinische 
relevantie van emoties in de bruxisme praktijk. Daarnaast werden enkele ‘fysio-logische’ 
perspectieven ter discussie gesteld, met name over (I) de rol van de orofaciale fysiotherapie 
in de behandeling van bruxisme, (II) de daadwerkelijke gebruikte behandelstrategieën in de 
dagelijkse praktijk vergeleken met de wetenschap, (III) het effect van spierrekken op bruxisme 
en de negatieve consequenties, en (IV) aanbevelingen van de auteur ten aanzien van het 
omgaan met bruxisme-gerelateerde klachten in de praktijk. 
Wij concludeerden dat (I) de centrale regulatie van bruxisme wordt ondersteund en dat (II) de 
orofaciaal fysiotherapeut een belangrijke partner is in zowel het diagnostisch als therapeutisch 
proces bij bruxisme, gezien het musculoskeletale aspect van bruxisme en de kennis en 
vaardigheden van de fysiotherapeut op het gebied van spierproblemen en gerelateerde factoren.
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SUPPLEMENTARY 1: SLEEP HYGIENE ADVICE
Sleep hygiene advice was instructed based on the American Association of Sleep Medicine 
(AASM):
- Regularity of bedtime and arise time; 
- Avoid daytime naps;
- Avoid in the hours before bedtime:
 -   alcohol and caffeine beverages
 -   physical activities like sports
 -   exciting or emotionally shocking activities
 -   activities that demand a high level of concentration
- Avoid non-sleep-related activities in bed (such as watching TV, reading, studying)
- Avoid mental activities in bed (such as worrying, planning, remembering)
- Provide a dark, well ventilated bedroom
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SUPPLEMENTARY 2: MUSCLE STRETCHING PROTOCOL
Muscle stretching was performed for a total of 10 consecutive days according to the following 
protocol:
-  Execution: The stretching device is placed in the slightly opened mouth with the two bite 
forks placed to the upper and lower teeth. By rotating the black ball the bite forks can be 
moved slowly in order to increase (or decrease) the vertical distance between the bite forks. 
The participant slightly rotates the black ball until a mild stretch in the masticatory muscles 
is experienced. This position is hold until the feeling of stretch decreases. This decrease 
in stretch feeling has to appear within 10 seconds, otherwise the stretch is considered too 
intense. After the loss of stretch feeling, the participant will slightly rotate the black ball 
again until a mild stretch is experienced. This procedure is repeated until no decrease in 
stretch feeling is experienced within 10 seconds. 
-  Repetitions per day: 2 (interval of at least 3 hours)
Stretching device  Starting position of participant    Stretching position of 
       participant
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SUPPLEMENTARY 3: DAILY-SCORED QUESTIONNAIRE
Please answer items 1 to 9 at the end of the day before going to sleep. These items are related 
to the day. Items 10 to 12 must be completed in the morning after awakening. Items 1 to 6, 10 
and 12 must be scored on a scale of 1 to 10, with 1 ‘not at all’ and 10 ‘the most imaginable’. 
Before going to sleep:
1. Level of clenching during the day 1 2 3 4 5 6 7 8 9 10
2. Level of grinding during the day 1 2 3 4 5 6 7 8 9 10
3. Level of anxiety today 1 2 3 4 5 6 7 8 9 10
4. Level of stress today 1 2 3 4 5 6 7 8 9 10
5. Level of anger today 1 2 3 4 5 6 7 8 9 10
6. Level of frustration today 1 2 3 4 5 6 7 8 9 10
7. Number of glasses alcohol today -------- glass(es)
8. Number of cigarettes today -------- cigarette(s)
9. What time did you go to bed? -------- hour
After awakening:
10. Level of clenching and grinding
      during the night
1 2 3 4 5 6 7 8 9 10
11. What time did you wake up? -------- hour
12. How was the sleep quality? 1 2 3 4 5 6 7 8 9 10
(Note: 1 is a poor sleep quality and 10 an optimal sleep quality)
Comments of the day: ………………………………………………………………………………………………
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SUPPLEMENTARY 4: MORE DETAILED EXPLANATION OF THE COHERENCE 
ANALYSIS
Coherence examines the relationship of two signals in the frequency domain and is particularly 
useful in oscillatory coupling of motor elements and the central nervous system.1 The coherency 
is dimensionless, independent of time and mathematically bound by at most 1 (coherent) 
and at least 0 (not coherent). To compute the coherence, the signal is divided into smaller 
overlapping windows. In each window, auto- and cross spectra are estimated with the fast 
Fourier transform. The auto spectrum is the distribution of the signal’s power in the frequency 
dimension. A peak in the auto spectrum suggests that this frequency is abundantly available 
in the signal. Similarly, the cross spectrum finds the shared power between two signals. Here 
a peak suggests a shared power in this frequency band in both signals. Evaluated signals for 
coherence are assumed to be stationary or the signals’ statistical parameters are assumed to 
be constant over time. With this, the auto- and cross spectra can be accurately estimated by 
easily computed periodograms.2,3 
Characteristics of coherence analysis
The choice of the length of the window is essential in coherence estimates and influences 
multiple coherence-analysis characteristics. One such characteristic is the spectral 
bandwidth, which represents the width of the frequency peak coherence (FPC) and, in other 
words, is a measure of how many individual peaks are visible in the coherence estimate. The 
spectral bandwidth is inversely proportional to the window length, which suggests the need for 
a large window, resulting in small FPC widths. However, when the window becomes larger, 
the estimated coherence will differ more widely from the ‘true’ coherence; the mean squared 
error will also increase. The window’s length has a contradictory relationship with the spectral 
bandwidth and mean squared error, which is known as the uncertainty principle. The choice 
of an optimal window unfortunately involves a ‘trial and error’ approach.3 With a large window 
size, a fast alternating or erratic coherence estimate is seen. Conversely, a smooth coherence 
estimate is found when a small window size is chosen. One must visually decide which window 
size gives a smooth coherence graph, without losing too much detail.
Coherence-analysing software
With the above in mind, the coherence analysis for the bruxism episodes was designed for 
the reported study.  First, the data must be prepared by filtering. The data was demeaned, 
detrended and high-pass filtered (cut-off of 5 Hz) with MATLAB (MathWorks, Natick, 
Massachusetts, USA) to remove the signals’ offset and drift. The low-frequency contents of the 
filtered EMG signal reflect the dynamics of the central nervous system for muscle-activation 
patterns. Extraction is achieved by demodulation of the signal of the activation patterns of the 
muscles. The expected frequency of the rhythmic masticatory muscle activity is around 1 Hz.4 
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The filtered EMG signals were demodulated by means of the root mean square envelope with 
a contiguous non-overlapping window of 125 ms. The signal envelope obtained was demeaned 
and filtered with a high-pass filter (cut-off frequency of 0.5 Hz) to cancel out any off-set caused 
by the envelope. Coherency analysis of the selected windows with bruxism episodes was 
performed with MATLAB. After careful visual inspection of the coherence estimates with a 
different number of smaller windows, five windows with 50% overlap were selected. After the 
estimation of the coherence graphs, the FPC was determined in the frequency band 0.5-2.0 Hz. 
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DANKWOORD
‘De diepst menselijke behoefte, is de behoefte gewaardeerd te worden’ – William James, 
Amerikaanse filosoof en psycholoog. Enerzijds voel ik mij zeer gewaardeerd als student, 
collega, promovenda. Ik heb kansen gekregen die ik niet kon durven dromen, ik heb jullie 
inspiratie, motivatie, trots en bewondering mogen voelen. Dit gaf mij zelfvertrouwen en 
doorzettingsvermogen, waardoor ik mijn promotieonderzoek met succes heb kunnen afronden. 
Anderzijds schiet ik woorden te kort om waardering uit te spreken voor alle hulp, begeleiding, 
discussies en leermomenten die jullie mij hebben gegeven.
Prof. dr. Nico Creugers (promotor). Nico, bedankt voor het geloof in mij en het nemen van 
het risico om mij tot het team toe te laten als enige en eerste fysiotherapeut tussen alleen 
maar tandartsen en tandarts-specialisten. Jij hebt mij vaak de weg gewezen in het bijzondere 
wereldje van wetenschappelijk onderzoek. Ook heb jij mij een aantal fundamentele aspecten 
van onderzoek doen geleerd, waaronder focussen (en niet duizend projecten tegelijkertijd 
lopende willen houden), geduld hebben (!) en mijn expertise delen. Jij had tijd voor mij wanneer 
je geen tijd had.
Dr. Anton de Wijer en dr. Stanimira Sparreboom-Kalaykova (co-promotoren). Anton, jij bent 
mijn ontdekker, inspirator, motivator, mentor en steun in vele goede maar ook minder goede 
momenten. 10 jaar geleden mocht ik op mijn stage een dagje met jou meelopen, toen nog niet 
wetende dat jij zó bepalend zou zijn voor mijn verdere loopbaan. Hoe jij de wetenschap en de 
dagelijkse kliniek kunt integreren, hoe jij de status van een professor kunt dragen maar toch 
zo toegankelijk kan zijn voor zowel patiënt als collega; bewonderingswaardig. Ondanks dat 
ik weet dat die dag gaat komen, hoop ik stiekem met heel mijn hart dat je na je uitgestelde 
pensioen toch een beetje in beeld blijft.. Stani, jij bent kritisch, enthousiast en zeer sterk in 
het schrijfproces. De lijntjes die jij legt tussen verschillende (niet altijd voor de hand liggende) 
personen of afdelingen. Jouw oneindige interesse in het fysiotherapeutische perspectief 
van klinische problemen. Jij hield mij scherp op de verschillende belangen en verschillende 
partijen die betrokken (kunnen) zijn bij een project en leerde mij daarin de juiste strategie te 
kiezen. Maar het fijnst is dat ik jouw opmerking ‘wat is de boodschap die je met deze zin, met 
deze alinea wilt uitdragen?’ bij het schrijven van elke zin, elke alinea van elk artikel continu in 
mijn hoofd rondspookte.
Collega’s van Klinische Neurofysiologie. Petra en in het bijzonder Lucia, naast dat jullie alle 
analyses voor de RCT hebben gedaan (want toegegeven, naast de noodzaak tot blindering 
is het ook écht een vak apart!), waren jullie vaak mijn redders in nood! Ik ben jullie enorm 
dankbaar voor het keer op keer tussen jullie normale werkzaamheden door helpen met 
acute problemen rondom het slaaponderzoek. Jaco Pasman en Jonne Doorduin, zonder jullie 
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heb ik mijn misschien wel mooiste studie niet kunnen uitvoeren. De kennis en kunde over 
de neurofysiologie en de interessante discussies waren onmisbaar voor de verdieping die wij 
hebben kunnen vinden.
Collega’s van Tandheelkunde Radboudumc. Ellen voor de oneindige hulp bij zoveel. Ewald 
voor de ingewikkelde statistische analyses, het ‘vertalen’ van alle cijfers in relevante resultaten 
en je geduld bij mijn herhaaldelijke vragen over voor jou ongetwijfeld simpele materie. Maarten 
voor de rustgevende gesprekken en het lenen van je Saab. Harrie voor je steun tijdens de 
belachelijk drukke maar bijster leerzame studiejaren. 
Collega’s van het Academie Instituut. Basia, eerlijk is eerlijk, jij bent in essentie degene die mij 
überhaupt deze kans hebt gegeven. Doordat jij in mij, tussen de vele andere stagiaires, wat zag 
en mij een baan én studie aanbood, ben ik nu waar ik ben. Jij hebt mij altijd gefaciliteerd waar 
nodig en mogelijk en nam geregeld de rol van tweede moeder op je. Jij hebt je waardering altijd 
laten blijken en mij daarmee onbewust aangemoedigd mijzelf nóg verder te ontwikkelen. Om 
maar niet te spreken van de vrijheid die jij mij vaak hebt gegeven om mijn onderzoeksproject, 
en alle andere bijbaantjes, te laten slagen. Maarten en Nick, mijn voorgangers waar ik stiekem 
wat van af kon kijken, mee kon sparren en door kon laten motiveren wanneer het allemaal 
weer even zinloos leek. Holger, mijn loopmaatje, moppermaatje en autolener als ik in de 
fietsproblemen zat met de huisbezoeken. Ron, Maud, Geiske, Sam, Ria, Bianca, Anna, mijn 
regeldames en stilletjes-in-de-gaten-houders.
Collega’s binnen mijn Intercollegiaal Overleg Fysiotherapie. Jullie hebben als kritische 
sparringspartners een waardevol rol gehad in het meedenken en meedoen en hebben mij 
altijd het gevoel gegeven dat ik met iets goeds bezig ben, ook als ik daar zelf weer even over 
twijfelde. 
Prof. dr. Gilles van Luijtelaar (emeritus hoogleraar Biologische Psychologie, Donders Institute). 
U was zo geweldig open nadat ik u ‘out of the blue’ benaderde met een vraag over bruxisme, 
een fenomeen waar u zich helemaal niet mee bezighoudt. Dank voor de (onverwachte) tijd, 
openheid en interesse. Onze gesprekken hebben mij aan het denken gezet, aan het werk gezet 
en uiteindelijk nieuwe inzichten en onderzoeksvragen opgeleverd. 
Studenten Tandheelkunde en Technische Geneeskunde. Mirjam, Myrlon, Emese en Eline, 
Angela, Carlijn. Jullie hebben allen prachtige scripties afgeleverd die ook nog eens twee 
scriptieprijzen hebben gewonnen! Op de weg daarheen hebben jullie mij veel werk uit handen 
genomen en hebben jullie mij kritisch aan de tand gevoeld over inhoudelijke thema’s maar ook 
over statistiek en methodologie. 
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Deelnemers aan mijn studies. Dank! In het bijzonder aan alle deelnemers (en testpersonen) 
van de studies in hoofdstuk 4 en 5. Ik realiseer mij dat ik veel van jullie (en jullie huisgenoten 
en gezinnen) heb gevraagd. Zes avonden een vreemde op visite, zes nachten met tientallen 
elektroden op en aan je hoofd slapen en zes ochtenden wakker worden met vet haar en 
stickers op je gezicht, het is niet niks. Ik heb oprecht genoten van alle gefietste kilometers, alle 
gezellige maar ook leerzame gesprekken en memorabele reacties van kinderen, partners en 
huisgenoten op jullie beplakte hoofden. En wat ik het meest speciaal vond is dat ik elke keer 
weer werd toegelaten tot jullie thuis (met de bijbehorende avondrituelen). Van studentenhuizen 
tot villa’s, van alleenwonenden tot gezinnen. Jullie zullen mij allemaal stuk voor stuk bijblijven, 
iedereen met zijn eigen bijzonderheden of anekdotes, van dikke baarden waar de plakkers in de 
vroege morgen met aceton verwijderd moesten worden tot experimenteren met het effect van 
klassieke muziek versus hardcore op de EEG, van kinderen die zich dagenlang afvroegen wat 
voor een mevrouw er elke avond langskwam waardoor mamma/pappa elke ochtend wakker 
werd met draadjes in haar/zijn haar tot nachtelijke plaksessies, van 2 minuten lopen van mijn 
huis tot eindeloze paden door de polder, van heel opgeruimde en mooi ingerichte villa’s tot 
studentenkamers waar de boxershorts de vloer bedekten, van buurvrouwen tot collega’s, en 
af en toe vrije avonden door zieke of zelfs gebroken deelnemers. 31 personen, 5 fietsen, circa 
1530 fietskilometers, circa 109 plakuren, circa 0,7 kg scrubgel, circa 1,4 kg elektrodenpasta, 
circa 150 meter netverband, circa 6 m2 huidtape en circa 1160 uren slaapregistratie verder, 
liggen jullie waardevolle gegevens nu gebundeld in dit boekje.
Onno Tellier en Max Rogmans (de BruxCure-mannen). Onno, als ex-Olympisch windsurfer 
dacht jij voorbij de traditionele grenzen waardoor de stap naar spierrekken in de behandeling 
van bruxisme ineens heel logisch leek en bracht jij deze onderzoeksvraag samen met Max 
bij ons. Max, niet alleen vele werkuren (in binnen- en buitenland), maar ook vele vrije uren 
(in binnen- en buitenland) samen doorgebracht. Alle belangrijke levensthema’s werden 
besproken, waarvan de belangrijkste natuurlijk de wetenschap. En reflecterend: ben jij er 
inmiddels al schatrijk van geworden en ik wereldberoemd?
Nederlandse Spoorwegen, ik heb over de afgelopen jaren dag in dag uit mogen genieten van 
jullie diensten als één van de beste bedrijven van ons land. Ik wil jullie dan ook oprecht bedanken 
voor alle frustraties, irritaties, moedeloosheid, agressie (en daarmee weer de vermoeide 
en pijnlijke kaken aan het einde van de dag), samengaand met het reilen en zeilen van de 
treinreizen. Jullie zorgden voor de balans in mijn emotionele welzijn door mijn enthousiasme 
te compenseren met dure uren (in totaal zo’n 1600 uren) leed. Jullie hadden het voorrecht 
om mijn dagen te starten en af te sluiten en wat namen jullie die taak serieus. Met het geld 
dat ik jullie hiervoor mocht betalen (circa 10.000 euro), kan ik heel wat onderzoeksuren, 
meetapparatuur of slaapanalyses inkopen. 
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Lieve mam, pap, broeders en zuster, vrienden en vriendinnen, ik wil jullie bedanken voor het 
elke keer weer voor lief nemen van mijn standaard antwoord “ik heb het druk”. Jullie kennen 
mij misschien niet anders, maar toch dank dat jullie mij gewoon mijn gang lieten gaan, of jullie 
het nou goedkeurden of niet. 
Merlijn, jou wil ik voor oneindig veel dingen bedanken. Te beginnen met het zijn van mijn man. 
Jij bent precies de persoon die ik nodig heb in mijn leven om mijzelf te kunnen ontwikkelen 
tot het best haalbare. Eigenlijk zat jij niet te wachten op iemand die nog studeerde, laat staan 
iemand die anderhalf jaar lang elke avond op pad was of weer eens een groot deel van het 
weekend met werk vulde. Uiteindelijk heeft het juist geleid tot heel interessante gesprekken, 
de nodige avonduurtjes rust aan je hoofd en leuke toekomstdromen. Ik wil je ook bedanken 
voor het aanhoren van al mijn gepraat (of gezeur, gemopper, geklets, gebrabbel, geschreeuw), 
het nam de druk van de ketel. Jij wist mij altijd rustig te krijgen na een drukke of lange dag, 
jij bent mijn slaaphygiëne. Behalve die ene keer dan dat ik kortsluiting kreeg. Maar zoals wij 
al jaren geleden hebben afgesproken: alles is altijd jouw schuld. Dankjewel daarvoor! Zonder 
jou zouden de laatste jaren heel anders zijn gelopen. Ik geniet van jouw kijk op de wereld, jouw 
interesse in de wetenschap en jouw kritische houding naar mijn vakgebied. En ik beloof je, dit 
is mijn laatste studie. 
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SIMONE GOUW
Simone Gouw was born in the early morning of Monday 28th of September 1987 in Naarden, the 
Netherlands. After her years at the preuniversity secondary education (VWO) at the Huizermaat 
in Huizen, she started studying Physical Therapy at the Hogeschool Utrecht in 2005. In 2009 
she graduated and decided to specialize in both Orofacial and Psychosomatic Physical Therapy 
(two different educational programs). After completing both postgraduate studies in 2012, she 
got the opportunity to be the first physical therapist to follow and complete the post academic 
training in Gnathology at the Radboud University Medical Center, College of Dental Sciences, 
Department of Oral Function and Prosthetic Dentistry, in Nijmegen. Throughout the training 
course, she was learning while working at the Centre for Special Dentistry in Nijmegen, 
together with the dentist and other health care specialists. Diagnosing and managing high 
complex orofacial pain and dysfunction patients, studying the scientific literature, discussing 
with national and international colleagues on exchange courses in Naples, Italy, and Malmö, 
Sweden. By 2015, she graduated as a physical therapist specialized in the field of complex 
orofacial pain and dysfunction (‘physical therapist-gnathologist’). One year after the start of 
this program, she started her PhD research under the supervision of prof dr. Nico Creugers, 
mrs. dr. Stanimira Sparreboom-Kalaykova and dr. Anton de Wijer. Her PhD research is the 
opportunity to combine her different passions; from physical therapist to gnathology, from the 
orofacial region to psychosomatics, from athlete to sleeper. 
Since 2009, Simone works as a specialized physical therapist at the Academie Instituut 
Utrecht, where she is mainly active in the Head-Neck Centre. In 2017 and 2018 she worked as 
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a physical therapist-gnathologist at two dental practices in Amersfoort, working closely with 
various dental and medical disciplines. In addition, she is involved in educational programs at 
Hogeschool Utrecht (Master Physical Therapy, Bachelor Oral Health Care), Hogeschool Arnhem 
Nijmegen (Master Physical Therapy) and University of Gent (Department of Physiotherapy and 
Rehabilitation Sciences).
In her spare time, she is either busting a gut while running, riding a mountainbike or dancing, 
or being absurdly lazy.
Her ultimate career goal is to continue the combination of patient care, research and education 
within the field of orofacial (and psychosomatic) physical therapy and gnathology. The 
challenges of pain, and maybe even more of chronic pain, dysfunction, motor control, muscle 
activity and sleep are almost as tasty as chocolate, which she can consume every single day 
too. Give her some greatly complex patient cases, thought-provoking research questions and 
every now and then an auditorium, and she will be one happy lady.
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5 GREAT SKILLS OF SIMONE 
WRITING
How could it be otherwise with such a handwriting?
Besides the five international, peer-reviewed publications in this thesis, she (co-)wrote 
a chapter of a French dental study book, a few Dutch publications in the professional 
journals of both physical therapy and dentistry and the Dutch professional profile of the 
orofacial physical therapist.
LEARNING
The chosen eternal student
She learned all the aspects of being a researcher, from the laws and regulations 
of performing clinical research to presentation and storytelling skills, from 
polysomnography and clinical neurophysiology to the fundamentals of muscle 
stretching.
LISTENING
Most people can hear, few people can listen
Listening to a variety of national and international key speakers (both clinicians 
and researchers) throughout Europe, brought her new insights, new knowledge, 
new answers and new questions about bruxism, (chronic) pain, temporomandibular 
dysfunction, sleep and dentistry.
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TALKING
Never not talking..
During the podium and poster presentations at national and international conferences 
of different professions in both physical therapy and dentistry, she got the opportunity 
to share her research and aspects of the field of orofacial and psychosomatic physical 
therapy. Judging by the overall ‘not-sleeping’ audiences, she already became pretty far 
in mastering the intricacies of this particular skill.
TEACHING
Sharing is caring, right?
Facing critical students and colleagues during her annual teaching activities at the 
universities (of applied science) of Utrecht, Nijmegen and Gent, and coaching bachelor 
and master dental students with their (award-winning) theses on aspects of her PhD 
research, she has the privilege to share her stories. 
For a complete overview of my (inter)national publications, completed courses, attendances 
and presentations at (inter)national conferences, teaching and supervising activities, scan the 
QR-code:
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